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strong sodium amalgam was allowed to stand for somewhat more than

a week. The alcohol, though not absolutely necessary, as the sodic

hydrate formed gradually brings the curcumin into solution, accel-

erates the action, which at best is extremely slow. After the dark-

red color of the sodic salt of curcumin had given place to a blackish

tinge, the liquid was poured off from the mercury, acidified with hydro-

* The first paper was published in these Proceedings, Vol. XVII. p. 110.

VOL. XVIII. (n. S. X.) 1
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chloric acid, the fawn-colored precipitate thus obtained washed till

free from acid, and dried in vacuo. A combustion gave the following
results :

—
0.2290 g. of substance gave 0.5678 g. of CO2 and 0.1312 g. of Hp.

Calculated for C^fiyfi^. Found.

Carbon 67.74 67.63

Hydrogen 6.49 6.36

Properties. It forms a brownish white powder melting in the neigh-
borhood of 100°, but with no definite melting-point; it is insoluble

in water, freely soluble in alcohol and glacial acetic acid, slightly in

ether, and insoluble in ligroine and benzol. Strong sulphuric acid

dissolves it with a reddish-brown color, very different from the purple

produced by curcumin. Sodic hydrate dissolves it on warming, and

so does sodic carbonate ; but the latter solution becomes turbid, and

throws down a brownish precipitate on cooling.

The adilition of hydrogen to curcumin by sodium amalgam and

dilute alcohol is a tedious process occupying more than a week and

giving a very bad yield, the product being frequently accompanied by
a viscous substance, probably formed by the action of air on the alka-

line solution of the hydride. A much better method of adding hydro-

gen to curcumin consisted in treatingf it with zinc dust and acetic

acid, although in this case tlie hydride at first produced was further

modified in the course of the reaction.

Anhydride of Curcumin Dihydride, (C^^^^O^.,0. Curcumin was

warmed with acetic acid of 85 per cent and a large quantity of zinc dust,

the temperature being kept below the boiling-point of the acetic acid.

After some hours the yellow color of the solution had become replaced

by a dark brown, and if then a little of the substance gave a yellow

instead of a red color with sodic hydrate, the heating was discontinued,

and the liquid filtered into water, which precipitated fawn-colored

flocks similar to those of the preceding compound. After we had

satisfied ourselves that it was impossible to crystallize the substance,

we purified it by resolution in glacial acetic acid and precipitation

with water ; but even this treatment did not remove the whole of the

zinc salt, as was shown by the appearance of a slight ash on combus-

tion. This has been subtracted from the weight of the substance

taken in calculating the percentages.

The same substance was obtained when curcumin was heated with

zinc dust and a solution of ammonic hydrate. The combustion marked

III. was of a product made in this way :
—
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The substance after thorough washing with water was in each case

dried on a steam-radiator at a temperature of about 60°.

I. 0.2552 g. of substance gave 0.6460 g. of COg.

0.1476 g. of H.p. Ash = 0.004.

11. 0.2449 g. of substance gave 0.6183 g. of CO^.

0.1368 g. of U.p. Ash = 0.0061.

III. 0.2357 g. of substance gave 0.6001 g. of COj.

0.1365 g. of up. Ash = 0.002.

Calculated for CjgHaoO,.
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together for some time, the product was treated with water, and the

precipitate washed, dried, and anal); zed, with the following result:—
0.1430 g. of substance gave 0.36G6 g. of CO^ and 0.0868 g. of U.f>.

Calculated for C28H30O7. Found.

Carbon 70.42 69.92

Hydrogen 6.25 6.68

Whereas before this treatment a portion of the same samjjle gave
carbon 67.63, hydrogen 6.36, as on page 2. This experiment proves,

therefore, that the nascent hydrogen given off by zinc dust and acetic

acid first converts the curcumin into the dihydride, from which the

zincic acetate afterward removes one molecule of water. The anhy-
dride is broken up only incompletely by the action of water at high

temperatures or by boiling with sodic hydrate, the product in each

case being a mixture of the dihydride and its anhydride.

In order to study the oxidation of the dihydi'ide, some diethylcur-

cumin, prepared according to the method given in our first paper, was

treated with zinc dust and acetic acid. The product thus obtained

gave the following results on analysis, which indicate that it is a mix-

ture of di- and monoethylcurcumin dihydride :
—

I. 0.2130 g. of substance gave 0.5484 g. of CO^ and 0.1415 g. of

H.,0. Ash 0.0004.

11. 0.1 938 g. of substance gave 0.4986 g. of COg and 0.1336 g. of

H,0.

Calculated for Found. Calculated for

(C,H,)ChU,504. I. II. (CiU,),C,tU,,0^.

Carbon 69.56 70.35 70.15 71.05

Hydrogen 7.25 7.40 7.66 7.89

Some of this substance was mixed with a saturated neutral solution

of potassic permanganate and allowed to stand at the ordinary tem-

perature. The oxidation took place very slowly, several weeks' standing

being necessary to complete the reaction. The principal product was

proved by its melting-point to be ethylvanillic acid, while the presence

of a small quantity of ethylvanilliu was indicated by its characteristic

smell.

The most striking fact in connection with this reaction was that the

dihydride was oxidized with so much more difficulty than curcumin

itself.

Action of JBromine on the Anhydride of Curcumin Dihydride.
When the hydride, dissolved in glacial acetic acid, was mixed with

an excess of bromine and allowed to stand over night, the liquid
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turned black, and upon addition of water, a red precipitate was thrown

down, which was washed with water, dried, and analyzed,
—

I. 0.6652 g. of substance gave 0.7160 g. of CO2 and 0.1122 g. of

up.
0.3100 g. gave according to Carius 0.4125 g. of AgBr.

II. 0.3202 g. gave 0.3498 g. of CO^ and 0.0562 g. of HgO.
0.2786 g. gave 0.3730 g. of AgBr.

Calculated for CuHioBr^O^.
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Other specimens contained the following percentages :
—

Bromine 54.87 58.51 58.57

To confirm this result, which points to the taking up of four atoms

of bromine, we determined the increase of weight caused by the

bromine. For this purpose carbonic disulphide and bromine in excess

were added to a weighed amount of curcumin, and the product weighed
after drying it a little below 100°.

I. 0.252 g. of curcumin gained 0.354 g.

II. 0.218 g. gained 0.300 g.

These results correspond to the following percentages of bromine in

the product,
—

Calculated for Ci^UuBr^O^. Found.
I. n.

Bromine 56.66 58.41 57.91

And there is therefore no doubt that the substance contains four atoms

of bromine. To decide whether it was an addition or substitution

product, we determined the amount of hydrobromic acid given off,

as in every preparation an evolution of this gas was observed. For

this purpose the gases formed in the reaction were allowed to pass

through water, and finally the carbonic disulphide and excess of

bromine were removed, at first from the curcumin, and afterward

from the absorbing water, by a sti'eam of air ; the hydrobromic acid

collected in the water was then determined as argentic bromide. One

gramme of curcumin was used in each case, and in the following com-

parison of results the amounts found are compared with the calculated

amount if the curcumin had given off two molecules of hydrobromic

acid,
—

Two Molecules HBr. I. II.

0.66 0.185 0.28

From this it appears that the hydrobromic acid is produced by an

insignificant secondary reaction, and that the substance is an addition

product, and therefore has the formula Cj^Hj^Br^O^.* We may add

that some experiments to determine directly the number of molecules

of bromine added pointed to two molecules as the probable amount, but

the results are not definite enough to make them worth publishing.

Properties. It is a white or whitish amorphous substance, melting

in the neighborhood of 185° with decomposition, but it has no definite

*The high percentages of bromine obtained in the analyses may be ac-

counted for by this secondary reaction.
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melting-point. It is insoluble in water, soluble with decomposition in

alcohol and iu glacial acetic acid, which acts upon it, however, less

rapidly than the alcohol, very slightly soluble in ether, chloroform,

and carbonic disulphide, insoluble in ligroine and benzol. Its be-

havior with various reagents was taken up, but no results were

obtained which promised to repay further study. The following

observations, however, are of some interest. Potassic hydrate and

also argentic oxide convert it in part into vanillin, to judge from the

smell, while both anilin and zinc cleaned with sulphuric acid act upon

it, the former with considerable evolution of heat,
— thus confirming

the inference that it is an addition-product. The principal products

from these reactions, as well as those from the action of sodic carbon-

ate and water, and of reducing-agents, are ill-defined bodies which

we could find no means of purifying.

Pentabromcurcumindibromide, Cj^HgBr^O^. If curcumin in glacial

acetic acid is treated with an excess of bromine, or the solid tetra-

bromide treated with bromine, a red substance is formed, which, after

washing with water and drying in vacuo, gave the following results :
—

0.2898 g. of substance gave 0.2230 g. of CO^ and 0.0304 g. of Hp,
0.2G66 g. of substance gave according to Carius 0.9323 g. of AgBr.

Calculated for Ci4H9Br704. Found.

Carbon 20.97 20.98

Hydrogen 1.12 1.16

Bromine 69.91 69.02

Properties. A red amorphous substance melting near 120°, but

without definite melting-point ; insoluble in water, soluble in alcohol

apparently with decomposition, easily soluble in ether and glacial

acetic acid, leaving a varnish, slightly soluble in benzol, insoluble in

ligroine. Strong sulphuric acid acts on it very slowly, finally turning

it a more brilliant red. Our study of the behavior of this substance

has led to no more definite results than in the case of the tetra-

bromide.

Heated alone, it gives off bromine and hydrobromic acid, leaving a

black tar, from which a yellow substance containing bromine can be

extracted by alcohol ; we may study this experiment more carefully

hereafter. Sodic hydrate, sodic carbonate and water, sodic alcohol-

ate, and argentic oxide all act upon it, but no smell of vanillin was

observed in any case. The same is true of several oxidation experi-

ments we have tried upon it, and this would seem to indicate the

presence of a portion of the bromine in the benzol ring. It is an
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interesting fact that potassic dichromate and sulphuric acid, and also

neutral potassic permanganate, attack this substance only with extreme

difficulty, whereas they both act vigorously on curcumin.

Summary.

1. Curcumin takes up two atoms of hydrogen when treated with

nascent hydrogen.
2. The dihydride thus formed passes over easily into an anhydride

by losing one molecule of water.

3. The anhydride of diethylcurcumin dihydride is much less easily

attacked by oxidizing agents than diethylcurcumin, but the products

are the same, — ethylvanillic acid with a trace of ethylvanillin.

4. Bromine removes two atoms of hydrogen from the dihydride,

and replaces four more, forming Cj^Hj^Br^O^.

5. Only four atoms of bromine can be added to curcumin.

6. The tetrabromide has a great tendency to form vanillin when

treated with substances which remove bromine.

7. With an excess of bromine a substance, Cj^HgBr^O^, is formed.

8. The pentabromcurcumindibromide is oxidized in neutral or acid

solutions only with great difficulty.

The observations just described throw some light upon the nature

of the side-chain of curcumin, but as the inferences to be drawn from

them are at best extremely doubtful, we shall postpone all discussion

of the structure of curcumin until our further study of it has put the

subject on a more secure basis.

III. TURMERIC OIL— TURMEROL.

The oil obtained from turmeric, which amounts to about 11 per

cent of its whole weight, has naturally attracted the attention of chem-

ists much less than curcumin, the yellow coloring-matter of the root ; we

find consequently only a few analyses and some meagre statements about

the action of reagents upon the oil, in place of the much fuller study to

which curcumin had been submitted. The most important of these will

be found in the papers of Ivanow-Gajewsky
* and Kachler,t but as

they all refer to mixtures, it is not necessary to repeat them here.

The oil, however, is not without practical interest, as to it the

turmeric (and therefore curry powder) owes its aromatic taste and

smell.

* Ber. d. ch. G. 172, p. 1103.

t Ber. d. ch. G. 170, p. 713,
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The crude product with which we started in the following study of

the oil was extracted, from ground Bengal turmeric with ligroine, in

the way already described iu the first paper* of this series. After

being freed from the higher boiling portions of the ligroine by heating
to 150° in a boiling- flask, it formed a rather thick oily liquid, with a

yellow color, and pleasant aromatic smell. The purification offered

some difiiculty, because it was decomposed by distillation under ordin-

ary pressure, giving distillates with a rank, disagreeable smell ; and

distillation with steam, although effecting a partial purification, was an

extremely tedious process, owing to the difiiculty with which the oil

was driven over. We were therefore obliged to resort to fractional

distillation under diminished pressure, and in this way at last suc-

ceeded in sejDarating the oil into three fractions,
— the first, boiling below

193° under 60 mm. of pressure; the second, from 193°-198°; and the

third, the retort residue, a viscous, semi-solid body of extremely unin-

viting appearance. We have up to this time confined our attention

to the middle fraction, although a few experiments on the fraction

below 193° would indicate that it consists of the middle fraction con-

taminated with hydrocarbons from the ligroine used in the extraction

of the oil,
— a view which is borne out by the very small amount of this

fraction. For the fraction from 193°-198°, which is the subject of

this paper, we would propose the name turmerol.

Composition of Turmerol.

I. 0.1924 g. of the oil gave 0.5903 g. of CO2 and 0.1814 g. of

H,0.
11. 0.3126 g. gave 0.9588 g. of CO^ and 0.3010 g. of H,0.

III. 0.2354 g. gave 0.7157 g. of CO^ and 0.2190 g. of lip.
IV. 0.2002 g. gave 0.6123 g. of CO^ and 0.1818 g. of H.^.
V. 0.2448 g. gave 0.7492 g. of COg and 0.2306 g. of l\0.

I. II. III. IV. V. Mean.

Carbon 83.68 83.66 82.90 83.43 83.47 83.62

Hydrogen 10.47 10.70 10.34 10.10 10.47 10.42

I. -III. are analyses of the same sample ; IV. and V. analyses of a

different sample. To test the purity of the oil, the original sample
was distilled again in vacuo, and collected in three equal fractions.

Of the analyses which follow, VI. was made with the portion which

came over first ; VII. and VIII. with that which came over last.

* These Proceedings, Vol. XVII. p. 110.
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VI. 0.3315 g. gave 1.0194 g. of C0„ and 0.3145 g. of Hp.
VII. 0.2837 g. gave 0.8G75 g. of CO,' and 0.2604 g. of H^O.
VIII. 0.2706 g. gave 0.8228 g. of COl and 0.2474 g. of Up.

Lower Fraction. Higher Fractions.

TI. VII. vni.

Carbon 83.86 83.39 82.92

Hydrogen 10.54 10.20 10.16

From this it appears that the substance is essentially pure and

homogeneous.
As has been stated already, the turmerol can be purified to a certain

extent by distillation with steam
; analysis IX. was made with a sample

prepared in this way, while X. was made with some of the same sample
after it had been distilled once under ordinary pressure. These speci-

mens were extracted with carbonic disulphide instead of ligroine.

IX. 0.2260 g. gave 0.6860 g. of CO, and 0.2195 g. of H,0.
X. 0.2636 g. gave 0.8038 g. of CO, and 0.2546 g. of H^O.

IX. X.

Carbon 82.78 83.16

Hydrogen 10.77 10.73

The analyses unfortunately are not capable of establishing the for-

mula of turmerol with certainty, since the difference between the

members of the homologous series is very small, as is shown by the

following comparison :
—

Mean of the

Preceding Analyses.
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Properties of Turmerol.

The substance analyzed by us had a pale yellow color, an agreeable,

not very strong aromatic smell, and a specific gravity of 0.9016 at

17°. It turns a ray of polarized light to the right with the following

specific rotary power for sodium light :
—

[a]
= 33.52.

Under ordinary pressure it boils at 285°-290°, but decomposes

apparently with formation of water, giving a substance with a lower

boiling-point. At a pressure of 60 mm. it boils from 193° - 198°,

but even under this pressure suffers a slight decomposition. It is

essentially insoluble in water, but mixes easily with all other common

solvents. Acid sodic sulphite in aqueous solution has no action

upon it.

In order to determine the nature of turmerol, its behavior with

various reagents was next studied.

Action of Hydrochloric Acid. Turmerylchloride.

"When turmerol was heated with aqueous hydrochloric acid satur-

ated at 0° to 150° in a sealed tube for some hours, a brown oily liquid

was formed having a different smell from the original substance, which,

when washed until free from acid and dried in vacuo, gave the follow-

ing results on analysis :
—

I. 0.2938 g. of substance gave 0.8464 g. of CO^ and 0.2530 g. of

H,0.
0.4434 g. of substance gave according to Carius 0.2190 g. of

AgCl.
11. 0.3179 g. of substance gave 0.1518 g. of AgCl.

Calculated for OiaHjjCl.
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trichloride on turmerol, but much less neatly. Phosphoric penta-

chloride, on the other hand, seemed to add chlorine also, as the product

from its action on turmerol contained about 15 per cent of chlorine.

"We have postponed the study of this substance for the present.

Tlie formation of the turmerylchloride described above indicates

that turmerol is an alcohol, and to confirm this view we next treated

the turmerylchloride with various reagents, and found that its chlorine

was removed, in part, at least, by boiling water or by alcoholic solu-

tions of sodic acetate, potassic cyanide, or ammonia,— a substance being

formed in each case with the characteristic smell of the class to which

it should belong. The regenerated alcohol and the acetate we were

unable to purify, while the nitrile and its corresponding acid and the

amine were formed in very small quantities and did not give crystal-

line compounds, so that their further study, which we had at first

hoped would establish the formula of turmerol, did not jiromise to

repay the labor.

To still further confirm the alcoholic nature of turmerol, we prepared

the sodium compound as follows,
—

Action of Sodium on Turmerol.

Some of the turmerol mixed with high boiling ligroine was warmed

with sodium in a flask with a return cooler for twelve hours, during

which time hydrogen was given off ; the liquid was then filtered, and

the ligroine evaporated off from the viscous filtrate.

I. 0.1456 g. of substance gave 0.0374 g. of Na2S0^.
II. 0.9820 g. gave 0.2342 g. of Na^SO^.

Calculated for C,QlI,,0Na. Found.
I. n.

Sodium 7.82 8.32 7.72

The substance forms a viscous semi-solid mass.

Sodic hydrate seemed not to act upon turrperol.

An attempt to convert turmerol into its acetate by heating it

with acetic anhydride and sodic acetate on the water-bath gave

a product having the same smell as that from the reaction of sodic

acetate on turmerylchloride, but no means could be found of separ-

ating it from the unaltered turmerol, as it was decomposed by distil-

lation even in vacuo. We accordingly turned our attention to the

ethers of turmerol, and selected for study the isobutylether, as the

difference between the percentage composition of this and that of

the alcohol would be greater than in the case of the methyl- or ethyl-

ethers.
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Isohutylether of Turmerol.

This body was prepared by boiling the sodium compound with iso-

butyliodide in a flask with a return-condenser for some time ;
the

product was purified by distillation in vacuo.

I. 0.2110 g. of substance gave 0.6524 g. of COg and 0.2039 g. of

11. 0.2742 g. of substance gave 0.8520 g. of COg and 0.2646 g. of

H,0.
Calculated for Cj5,H270CiH9. Found.

I. II.

Carbon 84.14 84.45 84.71

Hydrogen 10.97 10.73 10.83

It is a heavy yellowish oil with a pleasant smell. The ethylether
is a similar substance.

From the observations described there can be no doubt that tur-

merol is an alcohol.

Oxidation of Turmerol.

When turmerol was treated with a hot aqueous solution of potassic

permanganate until it was no longer decolorized, and after destroying
the slight excess of permanganate with sodic sulphite the liquid was

filtered from the brown hydrate of manganese, upon adding sulphuric
acid a yellowish-white precipitate was thrown down, which, purified by
washing with alcohol, became perfectly white, and volatilized without

melting, indicating that it was terephthalic acid. To prove that this

was the case, the acid was converted into the methylester by passing

hydrochloric acid through methylalcohol, in which it was suspended.
The solid gradually dissolved, and upon allowing the alcohol to evapor-

ate, long prisms were deposited, which, after two crystallizations from
hot alcohol, melted at 139°-140°. Melting-point of methylester of

terephthalic acid 140°. Another sample of the acid was analyzed,
—

0.1782 g. of substance gave 0.3798 g. of COg and 0.0641 of Hp.
Calculated for CgllgOi. Found.

Carbon 57.83 58.12

Hydrogen 3.62 4.00

The product in this case, therefore, is terephthalic acid, and turmerol
must stand in close relationship to the para series of aromatic com-

pounds. It is probably a derivative of the terpenes.
The formation of terephthalic acid from turmeric oil also explains
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the results of Tvanow-Gajewsky in regard to the oxidation of curcu-

min, as it renders it almost certain that the terephthalic acid obtained

by him, but of which we could find no trace, proceeded from an im-

purity of turmeric oil in his curcumin.

When cold potassic permanganate not in excess is used, turmerol

yields one or more apparently new acids, with the investigation of

which we are at present occupied.

Summary.

The formula of turmerol (the fraction of turmeric oil boiling from

193° to 198° under 60 mm. of pressure) is CjgHogO, or one of its

adjacent homologues.

Its alcoholic nature is proved by the following observations :
—

1. Conversion into CigHg-Cl by hydrochloric acid or phosphorous

trichloride. The chlorine can be removed by ordinary reagents.

2. The formation of a compound, CjaH^i^ONa, by the action of

sodium.

3. The formation of its isobutylether, CjgHg^OC^Hg.
That it is related to the para compounds of the aromatic series is

proved by its conversion into terephthalic acid by treatment with a

hot aqueous solution of potassic permanganate in excess.
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II.

OBSERVATIONS OF THE TRANSIT OF VENUS, DE-

CEMBER 5 AND 6, 1882, MADE AT THE HARVARD
COLLEGE OBSERVATORY.

By Edward C. Pickering.

Presented December 13th. 1882.

The chances of cloudy weather at this Observatory early in Decem-

ber are large, and Cambridge was not selected by the United States

Commission on the Transit of Venus as a station for observations of

the phenomenon. It therefore seemed injudicious to make any exten-

sive preparations for the occasion. The available telescopes at the

Observatory, however, were employed in observing the contacts.

Photometric and spectroscopic observations were also obtained with the

East Equatorial, and measurements of the diameter of Venus were

made with the telescope of Mr. Chandler, mounted in the West

Dome, and also with the East Equatorial.

The morning of the transit was so cloudy that there seemed little

prospect of observing the contacts ; but the sua gradually became vis-

ible, and the clouds were thin enough at the time of ingress to allow

observation of both the first and the second contacts. The first part

of the afternoon was nearly clear, and the third contact was well seen.

A few minutes later the sun entered a mass of thin clouds, but was

still sufficiently well seen for observation of the last contact.

Arrangements had been made before the day of the transit with the

"Western Union Telegraph Company for the distribution of the time

signals of this Observatory among those who might desire to obtain

them on December 6. The clock at which these si"-nals oriorinate

was carefully compared with the standard sidereal clock of the Obser-

vatory at frequent intervals, and also with the signals furnished by the

United States Naval Observatory at Washington, which were received

here by telegraph. To determine the error of the sidereal clock, ob-

servations were made with the meridian circle by Professor W. A.

Rogers, the results of which are given below. Since the transit, in

order to remove any doubts with regard to the error of the sidereal

clock as determined by a large fixed instrument, Professor Rogers has
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made a special series of observations, in which he used both the merid-

ian circle and the portable transit instrument on each of eight even-

ings, determining the clock error independently with each instrument.

The result confirms the correctness of the form of level employed
with the meridian circle, and shows that the instrument furnishes

trustworthy results for the absolute as well as the relative clock error.

The mean correction to be applied to the error found by the meridian

circle in order to reduce it to that found by the portable transit in-

strument, according to these observations, is -}-0^08 ; the eight sep-

arate results are 4-0^20, -f0^06, -]-0^09, +0'.07, -[-0^06, -f-OMl,

-|-0\09, -|-0^-05, the first having a weight of one third. As the mag-

nifying powers and the reticules used with the two instruments differ

materially, the amount of the correction is not surprising.

The results for the error of the sidereal clock obtained from the

observations with the meridian circle near the time of the transit are

exhibited in Table I. The first two columns contain the date of the

observations in mean solar days and tenths, and the sidereal time, to

hundredths of an hour, for which the error was determined. The

third column gives the number of stars on which each result for clock

error depends. The next two columns give the amount by which the

clock was slow at the time of each set of observations, and the corre-

sponding error for noon of December 6, corrected by means of the

hourly rate -)-0'.023. The last two columns contain the values of

the instrumental constants n and h (angle at pole, and inclination of

axis).

TABLE I.— Observed Clock Errors.

Date.

1882.
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On December 5, 6, and 7, at noon, the Washington signals were

received at Cambridge, and compared by chronograph with our sidereal

clock. The result, after allowing for the difference in longitude, was

that the Washington clock was fast 0'.6, 0'.4, and 0'.3 on the three

days respectively. The signals were promised for December 4 also,

but were not received, as the lines were occupied in transmitting po-

litical news. A good example is thus afforded of the importance of

depending on the local observatories for supplying the public with

time.

The clock distributing the mean-time signals from the Harvard

College Observatory is kept as nearly as may be 15'.5 fast. The

time is therefore that of the meridian passing through the State House

in Boston, and 4*^ 44" lo^5 west of Greenwich. On the day of the

transit the deviation of the Washington signals was noted, and, to

avoid the confusion arising from two systems, our signals were brought

to an approximate agreement with them, rather than with our own

determination of the local time. Frequent comparisons were made with

our sidereal clock, and showed that at December 5.8 our signals were

0'.6 fast ; at December 6.0, 0^5 fast ; at December 6.3, 0'.5 fast
;

and at December 6.8, 0'.2 fast. Allowing for the difference of longi-

tude, these signals therefore did not differ more than a tenth of a

second from the Washington signals, but to reduce them to the true

time both should be regarded as about 0'.5 fast. In other words, in

reducing to Greenwich mean time, the longitude for the Washington
and Boston signals should be taken as 5^ 8™ 11^7 and 4'' 44"" 15\0

respectively. Since the observed times of contact are known to be

liable to variations of several seconds, these corrections in any case

are small, and may be neglected without serious error, especially as

it is useless to give the resulting times of contact more closely than

to sinole seconds.O'

Contacts.

A statement of the results of the contact observations is given below,

in Table 11. The upper part of the Table contains in successive

columns the names of the observers and recorders, the apertures and

focal lengths of the telescopes in centimeters, their magnifying powers
in diameters, and the corrections required at ingress and at egress to

reduce the observed times to Cambridge mean or sidereal time

according to the timepiece employed. These corrections are given

in accordance with the assumption that the signals furnished by the

mean-time clock give the time of a meridian 4'' 44™ 15\5 west of

VOL. xviii. (n. s. X.) 2
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Greenwich, The second part of the Table gives the observed times

of the four contacts, without any corrections. The third jiart contains

the concluded Greenwich mean times of the contacts noted by each

TABLE II. — Contacts.

Observer.
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observer, obtained by adding 4'' 44™ 3P to each of the Cambridge
mean times. The mean result for each contact is given in the last line

of the Table. At the right are given the differences of each observer's

result from the mean of all.

The following notes contain, under the name of each observer, the

details of his work.

E. C. Pickering.

The instrument employed was the East Equatorial. Its full aper-

ture is 1 5 inches, which on this occasion was reduced to about 6 inches

by a cap over the object-glass. An audible signal was given to the

recorder at the time of each phenomenon noted. The recorder took

the time of each signal from the chronometer, and recorded it, with

any subsequent remarks by ihe observer. The wedge of shade glass

placed between the eyepiece and the eye was of a greenish tint. In

observing the first contact, the last time recorded before the appear-

ance of the notch was ^^ 19"" 29^6 by the chronometer. Venus was

first seen at ^^ 19" 44^2 by the chronometer. The edge of the sun

was wavy, rendering it difficult to decide whether an indentation was

real. At 9^ 19™ 49^0 the interval between the cusps was estimated

at 9"
; two parallel lines 6" apart served as the unit of measure.

From a reduction of this observation the time of first contact appears
to be 9*^ 19™ 42'. 6 ; the mean of this and of the time directly observed

is here assumed to be the time of the first contact, which is therefore

gh jQm 4334 jjy ^}jg chronometer. A scale in the eyepiece would allow

the observer of phenomena like these to make estimates of the inter-

val of the cusps without removing his eye from the telescope, and

would accordingly afford him many of the advantages of a double-image
micrometer without its disadvantages.

The images at the second contact were unusually well defined, and

the contact was recorded as occurring at 9^ 39™ 5r.3. Eight seconds

later it was clearly past.

The third contact was recorded as occurring at 3^ 3™ 3'.8. At
gh 3m 2is_4 tijg interval between the cusps was estimated as double

that between the lines in the field, and consequently as 12". A
reduction of this observation would make the time of contact

3'' 3™ 0^0.

The fourth contact was recorded as occurring at 3'' 23™ lO'.O.

At 3*^ 23™ 3^4 it had not occurred, at 3'^ 23™ 19^4 it was certainly

past.

The chronometer used by the recorder, who also recorded for Mr.
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Wendell, was Bliss & Creighton 1182; it is regulated to mean time,

and has been in frequent use at the Observatory.

Arthur Searle.

The instrument was the five-inch telescope formerly mounted in the

"West Dome. As it was not provided with any stand, and as economy
was an object kept strictly in view during the preparations for the

transit, the best plan for using this telescope seemed to be to lay it

horizontally upon a rough frame, at a height of three feet from the

ground, before the south entrance of the Observatory. A plane mir-

ror of unsilvered glass, formerly used in photographing the sun, was

placed upon the block of stone at the east side of the steps of the

entrance. This mirror was attached to the frame originally prepared
for it, which is provided with screws for moving it approximately in

altitude and in azimuth. The dimensions of the mirror are 7^ by 6

inches, so that the sunlight reflected from it at moderate hour angles

was thrown upon the whole surface of the object-glass before it. The
two surfaces of the mirror are inclined to each other, so that only one

image of the sun is seen. In order to keep this image of the sun in

the field, the services of an assistant were necessary. Unfortunately,

the assistant who had accustomed himself before the transit to the

management of the mirror, considering the morning too cloudy for

any observation, did not arrive at the Observatory in season to take

part in the observations at ingress. No other assistant having the

necessary skill was available, and an attempt made to use the tele-

scope at ingress was therefore unsuccessful.

At egress, the mirror was very successfully managed so as to keep
the required part of the sun's limb in view, and Professor W. A.

Rogers kindly undertook to record the times at which the observer

gave his signals. The observation of the third contact was accordingly

a satisfiictory one. Nine seconds before the time recorded as that of

the contact, the sun's limb became noticeably darkened at the place

of egress, but the shade was lighter than the tint of the planet itself.

The shade gradually darkened as the planet advanced, and at the time

recorded as that of contact a darkness equal to that of the planet's

disk had reached the limb of the sun. This phenomenon could not

be distinguished from that of geometrical contact. If the limb of the

sun had been steadier, it is possible that such a distinction might have

been made. The image, in fact, was by no means bad, but there was

sufficient nndulation to make a very exact observation of geometrical

contact impossible. Thirteen seconds after the recorded time it had
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become evident that the cusps were separated by a part of the planet's

limb, and that geometrical contact was past.

Tiiese observations were made through a dark red shade-glass be-

tween the eyepiece and the eyestop. The limb of the sun was dis-

tinctly seen, and was free from glare. As the sun entered the thin

clouds mentioned in the introductory remarks above, the red glass

was replaced by a blue one, which admitted much more light. The

part of the planet exterior to the limb of the sun was then certainly,

though indistinctly, seen. Its outline seemed to be part of a smaller

circle than that bounding the portion of the disk interior to the sun's

limb. The increasing cloudiness soon put an end to this appear-

ance, the Greenwich mean time of which, derived from the record,

23 7" 57™ 3 P.

The fourth contact was observed with some difficulty, owing to the

clouds and to the necessity of an occasional movement of the mirror

to keep the image in the field. The time given is that of a signal

accompanied by the remark " Notch doubtful
"

; the notch was not

afterwards seen.

During the transit, the disk of the planet was uniformly dark, ex-

cept that at times it seemed to be crossed by faint streaks of light,

very likely due to slight defects in the shade-glass or other parts of

the optical apparatus employed.
The eyepiece used was positive, No. 5 of the set of eyepieces be-

longing to the large filar micrometer of the East Equatorial, and,

with that instrument, having a nominal magnifying power of 688.

Its power, with the telescope used during the transit, has been deter-

mined by two methods, and the approximate mean result 220 is given
in the Table.

The chronometer employed was Bond 236, regulated to sidereal

time ; it has been in constant use at the Observatory for many
years.

0. a Wendell.

The instrument employed was the finder of the East Equatorial.
The object-glass was silvered to reduce the light, and an additional

reduction was effected by a shade-glass. Between the first and second

contacts the silvering was partially removed, owing to an apprehension
that the clouds would grow thicker ; but as the sky actually became

clearer, the second contact could not be observed. Before the third con-

tact, the film of silver was entirely removed, and the object-glass was

smoked by Mr. Clacey's method, which sufficed, with the aid of one

shade-glass, to reduce the light.
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The first contact was well observed, but the recorder did not notice

the signal, and the time is derived by estimate. According to the

observer, the signal was given half-way between the last two signals

of Professor Pickering, whose own estimate, however, placed it six

seconds later. The mean of these estimates was adopted.

The third and fourth contacts were well seen and recorded. The

time given for the third contact is that when the diminishing thread of

light at the place of egress definitely broke. Eighteen seconds earlier

contact had certainly not yet occurred.

Eight seconds previous to the time of fourth contact it was evident

that the egress had not been completed.

J. R. Edmands.

The telescope was one borrowed from Dr. E. T. Caswell, of Provi-

dence, R. I., and originally owned by Dr. Alexis Caswell, of Brown

University. It was attached to a portable equatorial mounting (with-

out clock) belonging to the Observatory. The observations at ingress

were made on the east balcony of the dome, and at egress on the west

balcony. The eyepiece was negative, and the light was reduced by
one shade-glass placed near the focus of this eyepiece at second con-

tact, and by three shade-glasses, one on each side of the focus and one

next the eye, at the third and fourth contacts.

The chronometer used in recording these observations, as well as

for those of Mr. W. H, Pickering, was Frodsham 3451, regulated to

sidereal time. This is an excellent instrument, of much value in the

work of the Observatory Time Service.

At first contact the rapid changes in the opacity of the clouds pre-

vented observation of the phenomenon, as the observer had no wedge
of shade-glass, and could not readily control the brightness of the

field. At second contact, the recorder found it impracticable to note

the times from the signals of the two observers, and the assumed times

are derived by estimate. The original estimate of the time of the

signal
" Past

" was derived from an inspection of the chronometer

made immediately after the observer learned that no record had been

secured. But he was satisfied, on consideration, that this first estimate

allowed too little for the interval between the signal and his inspection

of the chronometer ; besides which, his signal
" Past

" must have been

given an appreciable time after the contact itself. His last signal,
" Not yet," preceded the signal

" Past
"
by about ten seconds. On

these accounts, he estimated the observed time of contact, which has

been entered in the Table, as five seconds earlier than the original
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estimate of the time of the signal
" Past," This decision was made

before correcting the result for error of chronometer, and before com-

paring it with any other observation.

At the third and fourth contacts, the recorder counted the seconds

from the chronometer, and the observers recorded the times of their

observations. At the third contact, the seeing was good, and the fol-

lowing note was made :
" No black drop seen. Purposely used faint

image." The clouds impeded any similar observation at the second

contact. The telescope was somewhat disturbed by wind during the

observations at egress, which prevented the observation of additional

phenomena.

S. C. Chandler, Jr.

The first contact was looked for at a part of the limb estimated to

be 3° to 5° to the right of the apparent vertex. The notch was sud-

denly noticed still nearer the apparent vertex at the time given as

that of contact. Nineteen seconds later the notch had increased,

confirming the first observation with regard to the place of ingress.

The time given as that of second contact is that of geometrical

contact in the opinion of the observer. Seven seconds before the

recorded time the contact had not occurred. Four seconds after the

recorded time it was still uncertain whether the contact was past.

Nine seconds after the recorded time the contact was certainly past.

No "black drop" was seen.

Thirty-five seconds before the recorded time of third contact a shade

appeared on the sun's limb, very much fainter than the disk of Venus.

This shade increased in darkness, but did not seem to confuse the de-

termination of the time of geometrical contact, which is that recorded

for this phase of the transit. The recorded time must be as early as

that of geometrical contact, which might possibly, however, have been

thought to occur ten seconds later than the recorded time. Twenty-
two seconds after the recorded time, contact was certainly past by sev-

eral seconds.

The fourth contact was very satisfactorily observed. Eight seconds

before the recorded time the notch was still certainly visible ; at the

recorded time it was certainly gone.
The telescope was one belonging to the observer, and lately placed

on the equatorial mounting in the West Dome. No shade-glasses

were used. The necessary reduction of the light was effected by pre-

viously smoking the front surface of the crown and the back surface of

the flint lens of the object-glass. This was done by Mr. John Clacey,
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the maker of the telescope, and the result proved very satisfactory. A
negative eyepiece was used iu observing the contacts.

The timepiece used was the pocket-chronometer Patek, Phillipe, &
Cie. 34,807.

W. H. Pickering.

The instrument selected for the observations was the Bowditch

Comet-seeker ; but as dew upon its reflecting prism prevented obser-

vations with it at ingress, the Quincy Comet-seeker, a smaller instru-

ment, was employed in observing the second contact. No complete
record of these observations was secured, owing to the circumstances

explained in the notes relating to Mr. Edmands's observations. The
estimate of the time of contact is based upon the circumstance that

the observer's signal
" Past " was given one second later than the cor-

responding signal by Mr. Edmands, according to the judgment of both

observers. But on consideration, previous to any comparison with

other observations, it appeared likely that this signal
" Past

" was

given a little too early. The observer, therefore,, assigned for his

observation of contact a time three seconds later than the original

estimate of Mr. Edmands for the time of his own signal.

The Bowditch Comet-seeker was used at egress.

Observers at other Stations.

The following observations of the transit have been communicated

to me for publication, and are here inserted.

1. Station, the establishment of Messrs. Alvan Clark & Sons in

Cambridgeport, Massachusetts. Approximate latitude, -|-42° 21' 16" ;

approximate longitude, west of Greenwich, 4'' 44" 26^7. The times

are given according to the clock signals of this Observatory.

Observer, Alvan G. Clark. Second contact, 2P 40" 3'; third,

3*^ 2" 30' (the observer has no doubt that the minute should be 3

instead of 2) ; fourth, 3'' 23" 54^5.

Observer, C. A. R. Lundin. Third contact, 3*^ 3" 13'; fourth,

3h 23m 34s_

Reducing these observations to Greenwich mean time by the ad-

dition of i^ 44" 15^5, we have, for Mr. Clark, 2*^ 24" 18% 7*^ 47'" 46%

8"^ 8" 10' ; and for Mr. Lundin, 7" 47" 28% 8" 7" 50^

2. Station, near St. Paul's Church, New York. Approximate

latitude, -["40'^ 46'.0 ; approximate longitude, west of Greenwich,

4" 56" 0^ Observer, Rev. G. M. Searle. Telescope by Dollond ;

aperture, 2.65 inches ; focal length, 44 inches ; magnifying power, 60.
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Timepiece, a good watch, the errors of which were determined by
sextaut observations at 22^ 16"", 22^ 34

,
and 1" 11™, which gave the

respective corrections -|-9% -\-S% -\-3\ No " black drop
" was seen

at either internal contact. The first contact was lost; the rest were

observed as follows: 21'> 28'" 2% 2^ SI"" 49% 3" ll'" 50^ The

corrected mean times are 21'^ 28™ 10% 2^ 51™ 52% 3'' 11™ 53'; and

the corresponding Greenwich mean times are 2** 24™ 10% 7^ 47" 52%

gh ym 53s^ -pj^g sun's limb was remarkably steady at egress, but some-

what disturbed at ingress.

3. Station, terrace at No. 55 Habana Street, Havana, Cuba.

Approximate latitude, -\-23° 9' 21" ; approximate longitude, west of

Greenwich, 5** 29™ 26^ Observer, Professor Charles Hasselbrink

(U. S. Signal Service observer in Havana). Telescope by Negretti

and Zambra ; apertui-e, 2.5 inches ; focal length, 39 inches; magnify-

ing power, 80. Chronometer Negus 582, slow 3% by comparisons

furnished by the observatory of Don Jose Maria Garcia de Haro,

semi-otficial observer for the Spanish Navy and the mercantile marine.

The observer recorded for himself ; the telescope was shaken by wind

in the afternoon. The external contacts are considered doubtful, but

the internal contacts were well observed. Observed times of contacts,

20" 33™ 57% 20'' 54™ 30% 2*^ 19™ 0% 2'^ 36™ 47^ corrected mean times,

20^^ 34" 0% 20'' 54™ 33% 2'' 19-" 3% 2" 36™ 50' ; resulting Greenwich

mean times, 2" 3™ 26% 2" 23™ 59% 7'' 48™ 29% 8" 6™ 16^

Just before internal contact at ingress, the observer saw a fine line

of light round the disk of Venus, beyond the limb of the sun. During
the transit, a delicate aureola of very white light was noticed around

the planet, suggesting the illumination of its atmosphere. Patches of

a dark grayish tint were noticed at times upon the deep black disk of

Venus.

Photometric Observations.

A photometer was constructed for comparing the brightness of the

disk of Venus during transit with that of the sky in immediate prox-

imity to the sun's limb. In the accompanying figure, A and B are two

glass prisms, the first having parallel sides, the other with sides inclined

at a small angle. C is a double-image prism, D a positive eyepiece, £J

a Nicol, and F an eyestop. A graduated circle, G, and an index, II,

serve to measure the angle through which the eyepiece and Nicol are

turned. The whole is inserted, like an eyepiece, in the tailpiece of the

15-iuch telescope of the Observatory. The light from the object-glass,

striking upon the prism A, is not deviated, but is divided by the prism
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A B

G into two pencils, one of which

passes without deviation through the

eyepiece and the hole in the eyestop
to the eye. The other pencil is

thrown to one side by C, and is cut

off by the eyestop. The light passing

through B is deviated about G'* by
the difference in inclination of its

two inclined sides. This lisht is

also divided into two pencils by (7,

one retaining the deviation imparted

by B, and being cut off by the eye-

stop. The other is deviated by C,

but in such a manner as to counteract the inclination imj^arted to

it by B. It therefore passes centrally through the hole in the eye-

stop to the eye of the observer. The latter accordingly receives two

pencils of light formed by the same object-glass, one receiving the

liglit from A, the other that from B. These two pencils are polarized

by G in planes at right angles, and their relative brightness may

accordingly be varied at will by turning the Nicol E. The instrument

in principle closely resembles the meridian photometer for some years
in use at this Observatory. The same device is employed to secure

two equal pencils polarized in perpendicular planes, but in that instru-

ment two equal object-glasses are employed, instead of two images ot

the same objective.

The eyepiece is focused on the front surface of the prisms A, B,
so that their adjacent edges appear as a line dividing the field into two

equal parts. By turning the Nicol the brightness of either part of the

field may be reduced indefinitely, so that the brighter may always be

brought to equality with the fainter. Placing the whole instrument

at the principal focus of the telescope, we see side by side in the two

halves of the field images of objects really about 16' apart.

The observations were made by placing the edge of the prism par-

allel to the sun's limb at the point nearest Venus, and bringing Venus

into one half of the field. A portion of the sun's disk near its centre will

be seen in the other half of this field, and may be compared directly

with Venus by turning the Nicol. Settings were made in the four posi-

tions of the Nicol in which the images appeared equal, and the posi-

tions read to tenths of a degi'ee. The observation was then repeated,

moving the telescope so that the portion of the sky close to the sun's

limb should be measured in the same manner. Eight settings taken
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in this way constitute a set, and give the relative light of the sky and

Venus. To eliminate any difference in the prisms the photometer

was rotated 180° after each set, but no perceptible difference is indi-

cated in this way. To reduce the observations, the first reading was

subtracted from the second, and the third from the fourth. Calling

the sum of these differences A, the relative light, L= tan^ i A. It

will also be convenient to use a method of expressing the light in

stellar magnitudes, according to the method already used in this Ob-

servatory for comparing nebulae and portions of the moon. When
surfaces are thus compared, portions of equal area are selected and

reduced to stellar magnitudes by the formula of Pogson. We shall

then have the difference in magnitude, 31^ 2.5 log L. In Table III,

the successive columns give a current number, the Cambridge mean

time, the difference in light of equal areas of Venus and the sun

expressed in stellar magnitudes, the corresponding quantities for the

sky near the edge of the sun, and these same ratios expressed in per-

centages, that is, assuming the light of the centre of the sun equal to

one hundred. The last column gives the initial of the observer.

TABLE III.— Photometric Observations.

No.
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contact. In tlie interval between the exterior and interior contacts,

the edge of the planet has sometimes been traced beyond the limb of

the sun. The effect was noticed by Mr. Searle shortly after the third

contact, as above stated. According to his recollection of the appear-

ance of the field, the difference in darkness beween the planet's disk

and the sky was obvious, and might have been expected to make the

planet more distinctly visible outside of the sun's limb than was

actually the case.

No appreciable light could be received from Venus itself, unless that

planet is incandescent or phosphorescent, an extremely improbable

hypothesis. Doubtless the greater portion of the light, like that of

the sky near the sun, is due to reflection of the light of the sun from

the particles of the earth's atmosphere. During a total solar eclipse

the interposition of the moon suffices to cut off nearly all the light

near the sun, except the small portion due to the solar corona. It is

therefore obvious that the light of the sky near the sun originates at

no great distance from the earth, and is doubtless caused by reflection

in the terrestrial atmosphere. In a communication to this Academy nine

years ago {Proceedings, IX. 1), I showed that many of the phenomena
of atmospheric illumination and polarization could be explained by

specular reflection from the particles of the air, whose index of refrac-

tion differs very slightly from unity. In this case, if the sun was

reduced to a point, the light of the sky at small distances would vary

inversely as the fourth power of the distance. In any case, a glance

towards the sun is sufficient to show that the light increases very rap-

idly as we approach the sun's limb. We should expect that the light

of the portion of the atmosphere between us and the sun would be

much greater than that outside of the sun's disk. Most of the light

would be received from the portion of the sun at a very small angular

distance. A point between us and the sun would be illuminated in all

directions, that is. through the entire 3G0°. A point outside the sun's

disk could at most receive light only from 180°. Moreover, the edge

of the sun is much fainter than its centre, which would still farther

reduce the light. "We should then expect that the light received from

Venus would be greater than that of the sky near the sun's limb, the

opposite result from that indicated by the observations. This effect

would be modified by the solar atmosphere, which would increase the

light outside of the sun. The observations of Professor Langley,

however, during the eclipse of 1878, seem to prove that the light of

the corona is entirely insufficient to produce this effect. The difficulty

of photographing the corona confirms this view, but its spectrum in-
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dicates that it is composed of light of a wave-length to which the

photographic plate is not very sensitive.

An important source of error arises in almost all these measures

from the diffuse reflection from dust or scratches on the object-glass.

The eifect of this would be similar to an increased haziness of the

sky, and would tend to increase the apparent light received both

from Venus and the sky. In our measures this effect was reduced

to a minimum, as the object-glass had been cleaned shortly before the

transit, and the diffuse reflection was therefore very slight. A remedy
for this difficulty would be found by removing the object-glass and

substituting for it a minute hole. When the sky is hazy we should

expect an increased relative brightness near the edge of the sun.

This may account for the larger readings obtained by Mr. "Wendell,

as the sky was somewhat clearer during my observations than during

his. As the portion of the sky observed was only about 1' distant

from Venus, irregular clouds could not produce the observed difference

in light. In fact, the persistence of the phenomena under varying

conditions seems to leave little doubt that the disk of Venus was

really much darker than the sky near it.

The solution of this problem would be greatly aided by researches

of the kind described below, a portion of which will probably be under-

taken at this Observatory. Measurement of the relative light of different

portions of the sun's disk and of the sky at various distances from it.

Measures of the sky at various distances from the moon, thus eliminat-

ing any effect corresponding to that of a solar atmosphere. Measures

of the light of the disk of the moon during the progress of a partial

eclipse of the sun.

Spectroscopic Observations.

The spectrum of the light received from Venus was observed with

a star spectroscope constructed by Hilger. The dispersion was such,

that about one third of the spectrum was visible in the field of view

at a time. Two prisms of dense flint glass were employed. This

spectroscope was attached to the large Equatorial, and was focused

on the limb of the sun. When Venus was brought upon the slit it

appeared as a broad band traversing the spectrum lengthwise, which

could be compared directly with the solar spectrum on each side of

it. The slit was then broujrht tangential to the limb of Venus, so as

to receive the light grazing its surface. The breadth of the dai-k band

was thus reduced and flickered owing to the slight unsteadiness of the
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atmosphere. No difference in the spectrum was detected either by

myself or by Mr, W. H. Pickering after careful examination.

This negative result should not be regarded as throwing doubt on

the positive results attained by so skilful an observer as Professor

Young, who is said to have detected the presence of aqueous vapor in

Venus. I have not yet seen the details of his observation, but his facili-

ties for making this observation were much greater than mine, and he

probably used a much higher dispersion. I satisfied myself that there

were no very marked absorption bands, and doubtless the phenomenon
is one which requires more careful preparation than we were permitted

to make without interfering with the other portions of our programme
to which, in preparing our plans, we had attached more importance.

Diameter of Venus.

The measurements of the diameter of Venus, mentioned in the first

paragraph of this communication, were made by Professor William A.

Rogers and by Mr. S. C. Chandler, Jr. The subjoined reports from

these gentlemen furnish the account of the work undertaken. In these

reports, Mr. Chandler's telescope, mounted in the West Dome, has

been called the West Equatorial.

Report hy William A. Rogers.

The following method for the determination of the diameter of a

planet was first employed by the writer in 1877, having been used in

the determination of the diameter of Mars.

Let:—
Xq = a line ruled upon glass and set in the direction of diurnal motion.

a-j
^ a line ruled at a given angle, i, with respect toXy, and reckoned

from east to west.

3-2
= a line ruled at the angk (180°

—
i) with respect to x^.

y =^ a line ruled at right angles to x^ and bisecting the angle formed

between x^ and x^.

Tj
= the observed time of transit of the preceding limb of the

planet over x^.

Tj
= the time of transit of the following limb over x^.

Tg, T^
= the corresponding times over

x.^.

D =: the diameter of the planet.

Then :

Z> = 15 cos 8
(tjj
—

Tj) sin i = 15 cos 8 (t^
—

r^) sin i
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For any variation whatever of the angle i we have :

^i =
T-- FT N =

lo cos (r,
—-

T-J COS I

and hence, from transits over the line x^,

2) = 15 cos 8 (t2
—

Tj) sin {i -\- A^)

= 15 cos 8 (r,
—

Tj) sin i -I- — — r A
^ - ' L locos (T2 Tj) COS ?J

and from the transits over the line
x.-^,

Z>= 15 cos 8 (t,
—

To) sin i — -^ t—, r ;^ * •^^ L lo cos 6 (r^
—

Tg) cos ij

If therefore the times of transit of each limb are taken over the

lines
a^j

and
x.^, any error in D due to an erroneously assumed position

angle will be eliminated.

It must be noted, however, that any error in A^ arising from an un-

known error in the angles between
a-^, x^, and x^ will be only partially

eliminated. Designating by i and i' the angles which x^ and x^ make

with
X,,,

and their variations on account of errors of graduation by Ai

and Az' respectively, we have, from transits over Xj,

D = \5 cos 8 (t^
—

Tj) [sin i -\- cos i A^]

and from the transits over x^-,

D = 15 cos 8 (T^
—

Tg) [sin ^'-{- cos i' At']

or, since i' = 180° — i nearly,

Z> = 15 cos 8 (r^
—

Tg) [sin z — cos i Ai']
whence

X> = -V- cos 8
[[(r,

—
rj + (r,

—
r^)] sin ^

-j- cos I [(t2 Ti) At*
(t^ T.) Aj']]

The only case, therefore, in which the elimination will take place is

that iu which

(r,
— tJ M = (t,

—
T3) A{'

But since, on Dec. 6, the time required for Venus to make a complete
transit over a line having i = 20° was only 24', the effect of any
small error in the graduation will be practically insensible.

For the equatorial diameter we have :

D= 15 cos 8 (t2
—

Tj) sin (90° + Ai)

Unless Az, therefore, is very large, we shall have :

Z) = 15 cos d (Xg Tj)

Assuming the same constant of differential refraction for Venus

north and for Venus south, any error in the observed value of Z>
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due to the differential refraction ^^f will be eliminated if we combine

the observations over x^ and
x.^

with corresponding observations over

these lines extended below the line
a:^. Designating the times of

transit for Venus north of x^ by t\, t'^, t'^,
and

t'^,
we shall have ;

For Venus South.

DD= V- cos 8
[(r,
— rj sin

{i -\-
-
5 cos 6 (tj

—
T^) cos i) +

(ji
—

^s) sin (i
D

15 cos S (r^
—

T3) cos i

For Venus North.

D= -V- cos 8 (r.,
—

T,) sin ( « + 3-=
^^

,
,^

L^ ^ 1^ \ ' 15 cos 5
(r'i

^
15 cos 8 (r'4

—
r'g)

cos i

)] + ^rf

D

(t^
—

T3) sin
^

i

,
—

r'j) cos i

)]--B.

) +

Combining these equations, we shall still have, for any case except

where 'A^ is due to an error in the assumed value of ^, an equation of

the form :

i) = 15 cos 8 (tj
—

Tj) sin i

Two ruled plates were prepared for the observation of Dec. 6,

one for the East Equatorial and one for the West Equatorial. They
consist of one horizontal line, two vertical lines, and a series of lines

having the inclinations 10°, 20°, 30°, 40°, 45°, and the inclinations

135°, 140°, 150°, 1G0°, and 170°, respectively, to the horizontal line.

These lines were all extended below the line x^, giving the angles

225°, 230°, 240°, 250°, 260°, and the angles 315°, 320°, 330°, 340°,

and 350°.

In general, a complete series of observations consists of 10 transits

over each of the inclined lines, and 20 transits over the vertical lines,

both for Venus south and for Venus north of the horizontal line.

The results for Dec. 6, arranged in the order of the times of obser-

vation are as follows.

TABLE IV. — East Equatorial.

Position of
" Venus with

respect to

horizontal
line.
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TABLE v. — West Equatorial.

Position

of
Venus.
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character of the atmospheric conditions under which the observa-

tions were made. Arranging the resuUs according to the character of

the seeing, we have :

TABLE VIII. — Seeing Fair to Good.

Instrument.
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of a dark disk upon a bright ground and of a bright disk upon a darker

ground, observations for the diameter were continued for several days

succeeding the transit. Since it was only possible to observe both

points of tangency of the inclined lines with the disk of the planet on

one side of the vertical lines, the elimination of the effect of an error

in the position angle of the line x^ does not here take place. Care

was taken, however, to make the setting for the zero of position as

exact as possible.

The followins: results were obtained.

TABLE X.

Date.
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The scheme of observation, and the plate, were the same as used

by Professor Rogers. The transits were taken in sets consisting of

an equal number of contacts of both limbs with lines ruled at equal

and contrary angles with the middle transit lines, thus eliminating the

error of the zero of position. The formula of reduction follows simply

from equation (2) hereafter given. Thus, if we call A^j, A/g, the dif-

ferences of the observed times of transit of opposite limbs, for the

angles p and —p, respectively, we get

D =: Y COS 8 COS p (A^i -f LQ.

The corrections for proper motion and differential refraction are so

far within the uncertainty of observation, in their effect on the con-

cluded diameter, that they have been neglected. Table XI. gives the

value of the observed diameter and the number of observations in each

pair of sets arranged according to the position angle of the lines em-

ployed. Table XII. gives the means, taken with reference to the

number of observations, of the results of Table XI.

TABLE XI.

P-W
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It is uoteworthy that the results over the different lines, with the

exception of that at 50°, which is based on only 6 observations,

all give values less than that of 1G".61, adopted in the Berlin Jahrbuch,

Nautical Almanac, and Connaissauce des Temps, and that the lines of

greatest position angle, which by this method would be expected to

afford the most accurate results, give the smallest values of the series.

It appears to me that the method of Professor Rogers is not limited,

in its application to the interior planets, to their transits over the sun's

disk, or to times when the conditions permit the whole disk to be seen ;

but that it may, by an appropriate construction of the plate and

arrangement of the observations, be employed at any time when they

are near inferior conjunction, and that determinations both before and

after conjunction will eliminate any errors peculiar to each elongation.

Let p be the position angle, counted from an assumed zero, of a

line on the plate drawn from some point taken as a centre; the true

position angle being p -\- Ap. Let D and 8 be the diameter and

declination of the planet ; AS the difference of declination from the

centre of the plate when it passes north, and A'S when it passes south

of that centre ; and t and t\ the corresponding observed times when

the planet's limb in its diurnal motion is tangent to the line. Then

in the triangle formed by the planet's centre, the intersection of its

path with the line, and the observed point of taugency, the distance be-

tween the first two points is,

\D sec {p -\- A;?)
= \D sec p -{- \D tan p sec p Aj»

where, A/) being small, the terms involving its squares are neglected.

If we imagine a line drawn from the centre of the plate at the angle

p from the true position zero, we have, from the triangle formed by
the actual and imaginary lines and the portion of the path of the

planet's centre between them, the length of the intercepted path :

AS A^ secj9 sec {p -\- A/)) = AS Ap sec^jo

If now we call T the time when the centre of the planet is on this

imaginary line when the planet passes north, and T' the time for a

corresponding position when the planet passes south of the centre, we

have the general equations :

T=:t -\- ^ \±\D&ecp± \D tan p sec p Ap -f- ^^ soc^p ^p\

(1)

T'=.t' -\- r^
r =F |Z) sec p :p ^D tan p sec^ A/) -|- A'S sec^^ AjoJ
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p being reckoned as usual from 0° to 360° in the direction n. f. s. p. ;

the upper sign being used for the preceding, and the lower sign for the

following limb.

Let
#1
and t^ be the observed times when the planet, passing north

of the centre, has either limb tangent to lines at the angles p and — p
from the assumed zero. Then the 1st equation of (1) gives :

Tj^z=t^-\-
— ± \D seep ± \D tan jo sec jo Ap -|- AS sec^jo Ajo

|

(2)

Tj= #2+ rE ^
± \D seep =F iZ) tan p sec p A/> -|- AS sec^jo A^?

|

If
^0 be the corresponding time for a third line drawn through the

intersection of the other two and bisecting the angle between them, we

shall have p = 0, and

But we have T^
—

^o= ^o
—

^i- Hence, putting t =:
^^ ~l~ 'i

— ^
<o,

and noting that (1
— cos p) see p = tan p tan hp,

(4) :f ^D tan p tan ^ p — AS tan^ p Ap = -^- t cos 8

In a similar way, when the planet passes south of centre, we get

(5) T ^D tan p tan ^ p — A'S tan^ p Ap = y- t' cos 8

The addition of (4) and (5) gives,

(6) i)= iF cot ip [-V- cos 8 (t+ t') cot jo -[- (as+ A'S) tan p Ap];

and their difference,

(7) A;, = V-cosS(r'-r)^|^^

But we have also, putting r =
t^
—

t^,
and r' = t\

—
t\,

,„. AS = J/- r cos 8 cot p — \D Ap see p
A'S = — J^- /*' cos S cot jo

— \D Ap sec p
whence

AS -f- ^'S = V- (^
— ^0 ^^'^ ^ ^°* P (nearly)

AS — A'S = -V- \r + ^0 ^^^ ^ ^^^P

which substituted in (6) and (7) give finally,

(9) D=^ Y- cos 8 cot ;, cot Jp [r + r' — (t
—

r') ^^]
1> — T

(10) Ap = -rj-z,eoip

+
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The last term in equation (9) disappears when the planet passes

at equal distances north and south, and in general is inappreciable ex-

cept when the error of i^osition zero is large, or when the planet

passes at very unequal distances north or south of the centre, which

in practice need never occur.

Equation (9) consequently permits the determination of the

diameter by observations on one limb only. As has been remarked,

observations on the preceding limb before inferior conjunction, and on

the following limb after it, may be expected to eliminate errors pe-

culiar to the elongation.

It should be remarked that the quantity cot p cot \ p becomes

unity for p = 60°, and for larger angles rapidly increases. In general

the advantageous application of the method requires the use of lines

at greater position angles than 60°.

In what precedes it has been assumed that the line corresponding to

the time t^ bisects the angle formed by the others, and also passes

through their intersection. In ruling the plates for the observations

of the diameter during the transit of Yenus, these conditions may
possibly not have been exactly fulfilled ; since, as they did not affect

the observations then contemplated. Professor Rogers did not especially

attend to those points in the preparation of the plates. Any such

errors may, however, be eliminated. Thus, if we put a = the dis-

tance between the transit line on the plate from an imaginary line

parallel to it passing through the point of intersection of the inclined

lines, and A^ the inclination to a line bisecting the angle of the in-

clined lines, equation (3) becomes,

^»= '«+ IT^ [± i^+ ^^ i^P+ ^i) +-]
and equation (9),

Z> = =F V- cos 8 cot jo cot 1
JO Ft -f t' — 2 a — 2 (AS

—
A'S) At

Since Ai changes sign by turning the plate 180° in position angle,

and a changes sign by turning the other side of the plate toward the

eye these sources of error may be determined or eliminated by arran-

ging the observations with appropriate reversals.

To exemplify partially the use of this method, I avail myself of

some observations of the following limb of Venus, on various days

succeeding the recent transit, by Professor Rogers and myself. As
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these were not arranged with a view to eliminate the possible errors

involved in a and Az", as it is the intention to do in the future, the

results cannot be considered as having other than an illustrative value.

The angle, 60°, was less than should properly be used for advan-

tageous results, and the record gives no means of knowing in which

series the plate was in the direct, and in which it was in the reversed

position. The results are as follows.

TABLE XIII.

Date.
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HI.

CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF HAR-
VARD COLLEGE*

1. ON CERTAIN SUBSTITUTED ACRYLIC AND
PROPIONIC ACIDS.

By C. F. Mabery and F. C. Robinson.

Presented January 10th, 1883.

/S-DiBROMACRTLic acid, unlike the isomeric a-acid, will not unite

with bromine at ordinary temperatures. After standing twelve days,

a solution of the acid with bromine in chloroform was not bleached,

and by slow evaporation of the solution crystals were deposited which

melted at SG'^, the melting-point of dibromacrylic acid. At 100*^ the

addition of bromine was easily accomplished. When pure dibrom-

acrylic acid was heated in a closed tube with undiluted bromine in slight

excess over the calculated amount for one or two hours, tetrabrom-

propiouic acid was formed in nearly the theoretical quantity. The

excess of bromine was removed by evaporation from the crude product,

which was purified by pressure in filter-paper and crystallization from

carbonic disuljihide and chloroform. From a concentrated solution in

carbonic disulphide it crystallizes by slow evaporation in oblique prisms.

It is somewhat soluble in hot water, from which it separates at first as

an oil ; but on further cooling it crystallizes in thick prisms. On boil-

ing an aqueous solution of the acid, it is rapidly decomposed, imparting

a milky appearance to the solution, probably from the formation of tri-

bromethylen. Melting point 118°-120°. Its composition was deter-

mined by the following analyses.

I. 0.2149 grm. of the substance gave by Carius's method 0.4169 grm.

AgBr.
II. 0.1639 grm. of the substance gave 0.3145 grm. AgBr.

III. 0.8899 grm. of the substance gave 0.2857 grm. CO2 and 0.0478

grm. H.^0.

* This work was done in connection with the summer course of instruction

in chemistry for 1882.— C. F. M.
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On standing with an alcoholic solution of potassic hydrate, a molecule

of bydi'obromic acid was eliminated from the acid with the formation

of tribromacrylic acid, according to the equation :

CgH^Br.O^ + 2 KOH = KCsBrgO^ + KBr + Hp.

Tribromacrylic acid was recognized by its melting point, 118°, and

by its crystalline form.

If the structure of /3-dibromacrylic acid* is represented by the

formula,—
CBr^
II

CH
I

COOH

the bromine-addition product would have the form,—
CBr3

I

CHBr
I

COOH

The above statement concerning the behavior of /3-dibromacrylic

acid towards bromine, holds true with regard to chlorine. Although
no action takes place at ordinary temperatures, when chlorine is passed

through the melted acid the addition-product is formed without diffi-

culty. The resulting dichlordibrompropionic acid will be submitted

to further examination.

We have also tried the action of hydrobromic acid upon y8-dibrom-

acrylic acid, but as yet our results are as unsatisfactory as those of

Fittig and Petri.f The product melted at about 53° and gave a

percentage of bromine which showed that it contained much unaltered

dibromacrylic acid. Nevertheless, by prolonged heating, we hope to

obtain the tribrompropionic acid in a form sufficiently pure to enable

us to study its properties.

Several attempts were made to obtain an addition-product by the

action of bromine monochloride on brompropiolic acid. A substance

was formed which melted quite constant at 110°-112° ; but the results

of analyses indicated that it was a mixture of the chlorine and bromine

addition-products. In one experiment a product was obtained which

melted at 102°-105°, and the percentage of bromine was very con-

* H. B. Hill, these Proceedings, Vol. XVII. p. 153.

t Ann. der Chem., cxcv. 73.
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siderably increased. There is little doubt that the addition would

take place, provided the bromine monochloride could be obtained in a

state of purity under conditions necessary to form addition-products.

Wlieu brompropiolic acid is dissolved in chloroform saturated at 0'^

with chlorine, and allowed to stand for some time, the chlorine is ab-

sorbed with the formation of bromdichloracrylic acid.

2. ON THE DECOMPOSITION OF CHLORTRIBROMPROPIONIC

ACID BY ALKALINE HYDRATES.

By C. F. Mabery.

In a previous paper by H. C. Weber and myself,* some experiments

were mentioned in which we had attempted to determine the decompo-

sition-products of chlortribrompropionic acid. Although our results

were not entirely satisfactory, we were unable to verify them on

account of the limited time at our disposal. Since the necessary

material could be obtained without difficulty, it seemed worth while to

define this reaction with greater precision. This work was undertaken

by Mr. R. D. "Wilson, who found that on prolonged heating with

baric hydrate in aqueous solution chlortribrompropionic acid was

completely decomposed, according to the equation,
—

Ba(C3HClBr„02)2 = 2 aHClBr, -j- BaBr, + 2 CO^.

For ideutification the volatile product of the distillation was converted

into chlortetrabromethan. It was caught in bromine water, the excess

of bromine allowed to evaporate, and the oil which separated cooled

to 0°. The solid thus obtained was purified by crystallization from

alcohol, and its composition determined by analysis.

0.1556 grm. of the substance gave 0.3657 grm. AgBr -f- AgCl.

Calculated for CinClBrj. Found.

CI + 4 Br 93.42 93.30

Since this substance melted at 33°, it was probably identical with the

chlortetrabromethan, melting point 32°-33", obtained by Wallach and

Bischof,t from the decomposition of yS-dichloracrylic acid,

CCI2 = CH — COOH.

* These Proceedings, Vol. XVII. p. 209.

t Ann. der Cliem., cciii. 89.
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This acid gave chloracetylen, CCl = CH, which by the addition of

bromine formed chlortetrabroraethan,—
CHBr^

I

CClBr,

By the action of potassic hydrate in alcoholic solution upon chlortri-

brompropionic acid, the elements of hydrochloric acid were eliminated,

with the formation in small quantity of tribromacrylic acid.

From the evident analogy between chlorbromacrylic acid, from which

chlortribrompropionic was made, and ^-dibromacrylic acid, the structure

of chlorbromacrylic acid *
is probably,

—
CBrCl
II

CH
I

COOH.

Chlortribrompropionic acid would then have the form,—
CBr^Cl

I

CHBr
I

COOH.

* H. B. Hill, these Proceedings, Vol. XVII. p. 153.
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lY.

CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF HAR-
VARD COLLEGE.

ON THE PRODUCTS OF THE DRY DISTILLATION OF
WOOD AT LOW TEMPERATURES.

By Charles F. Mabery.

Presented January 10th, 1883.

In the manufacture of acetic acid by the dry distillation of wood at

low temperatures, as it is conducted by Dr. E. R. Squibb, of Brooklyn,

N. Y., an oil heavier than water collects during the distillation in con-

siderable quantities. Upon examination, Professor H. B. Hill* found

that this oil contained a large percentage of furfurol, and that by the

action of alkalies upon it a small quantity of pyrosanthin was formed.

Further information concerning the more volatile products of the dis-

tillation therefore seemed desirable ; and since different portions of the

crude methyl alcohol were kindly jilaced at my disposal by Dr. Squibb,

I undertook an examination of its constituents.

The composition of crude wood spirit has frequently been made the

subject of investigation within a few years. Beside methyl alcohol

and methyl acetate, which constitute the greater part of the product in

the ordinary process of distillation, acetic aldehyde, acetic acid, aceton,

acetal, dimethylacetal, methylethylketone, and allyl alcohol have been

found in smaller quantities. Traces of the higher ketones have been

detected in the less volatile portions, and in the high boiling oils small

quantities of the aromatic hydrocarbons toluol, xylol, and curaol.

A study of the product under consideration shows that it has essen-

tially the same composition. Its distinctive characteristic consists in

different quantitative proportions of several constituents, probably due

to the low temperature at which the first distillation was conducted.

* These Proceedings, Vol. XVI. p. 192.
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It also contains methyl formiate, which has not hitherto been recog-

nized as a constituent of wood spirit.*

Three portions were selected for examination. The first portion

(a) was collected at the beginning of the distillation, the second [b)

after several hundred gallons had distilled, and the third (c) when the

distillation of methyl alcohol was well advanced. Each portion was

bright yellow in color, and from (a) and (b) a sharp penetrating odor

Avas emitted. Since various attempts to remove the small percentage
of water by desiccation were unsuccessful, the product was fractional

as it was received. Anhydrous cujiric sulphate absorbed only a small

fraction of the water, even after standing several weeks, and fused

potassic cai-bonate produced a decomposition, as shown by the color

changing to a dark brown, with the formation of a yellow precipitate

on standing. In the fractional distillation very satisfactory results

were obtained, botli in the separation of the different fractions and in

economy of time, by the use of Hempel'sf device for condensation.

The following table contains the results of the tenth fraction of each

portion expressed in percentages. To insure a more complete con-

(a.
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The residue of the distillation in each case contained the greater

part of the water, though in (a) it consisted chiefly of methyl alcohol.

In (b) approximately one half of the residue consisted of ihe higher

boiling oils, and in (c) it was composed beside water of furfurol and an

oil of low specific gravity. The constituents of the various fractions

will be described in detail.

Acetic Aldehyde.

In (a) the fraction that came over between 20° and 25° was very

soluble in water, and it gave the penetrating odor characteristic of

acetic aldehyde. This substance was also recognized in that portion

of (b) which distilled below 54°, and in the fraction below 63° in (c).

It formed a compound with acid sodic sulphite, crystallizing in

flat prisms, which were very soluble in water. In order to estab-

lish its identity, an aqueous solution of the fraction 20° - 25° was

boiled with an excess of silver oxide, filtered, and concentrated by

evaporation. On cooling, silver acetate crystallized in characteristic

forms, which, on analysis, gave the required percentage of silver.

I. 0.2222 grm. of the substance gave on ignition 0.1432 grm. Ag.
II. 0.3167 grm. of the substance gave on ignition 0.2050 grm. Ag.

Calculated for AgC^Ufii-
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I. 0.5214 grm. of the substance dried over HjSO^ gave on ignition

with HjSO^ 0.5296 grm. PbSO^.
II. 0.2900 grm. of the substance gave 0.2960 grm. PbSO^.

Calculated for PbCCHOjjj. Found.

I. IT.

Pb 69.69 69.42 69.71

The presence of formic acid, and the quantity of the distillate which

collected between 40° - 50°, suggested the possible formation of me-

thylal. This fraction was therefore treated with an equal volume of

water, and the oil which separated boiled with plumbic hydrate to

decompose the methyl formiate. After drying with fused calcic

chloride, the residue distilled above 50°. In another attempt to iso-

late methylal, 2,000 grms. of (a) were fractioned, and the distillate

below 50° examined according to Dancer's method* for the sepa-

ration of dimethylacetal. As in the first experiment, the residue

distilled at a temperature far above the boiling point of methylal,

which seemed to indicate that this substance could not have been

formed in any appreciable quantity.

Methyl Acetate.

Since the fractions 50° -52° and 52° -54° gave reactions for alde-

hyde and acetone, they were evidently a mixture of these substances

with methyl acetate. The greater part of the methyl acetate in (a)

and
{])) was collected in the fraction 54° -56°, which boiled constant at

54°.5 -55°. 5 (Bar. 769.5 mm.). To determine approximately the

percentage of methyl alcohol in this fraction, 655 grms. were saponi-

fied with potassic hydrate, and distilled. After drying with fused

potassic carbonate and distilling off the methyl alcohol, there were

obtained 255 grms., which came over between 66° and 67° (Bar.

769.5 mm.), or 92 per cent, of the amount required from the weight

taken of methyl acetate. In repeating this saponification in a dilute

solution of methyl acetate, with a potassic hydrate solution of known

strength, the excess of alkali was titrated with standard sulphuric acid,

and the percentage of methyl acetate calculated from the amount of

potassic hydrate required to decompose it. This method gave 99.2

per cent of pure methyl acetate.

* Ann. Chem. Pharm., cxxxii. 240.
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Methyl Alcohol.

Although a small amount of methyl alcohol was contained in the

hit^her fractions of (a) and (6), it was evidently condensed foi' the

most part in the fraction 65° - 68° of {c). This fraction was slightly

yellow in color, but no further attempts were made to determine its

purity than an estimation of the percentage of acetone, which will

presently be described.

Dimethylacetal.

The formation of dimethylacetal during the dry distillation of wood

for the preparation of methyl alcohol was not observed until 1864,

probably because of the small difference between its boiling point (64°)

and that of methyl alcohol. After removing the methyl alcohol and

acetone, Dancer* succeeded in separating a product which proved to be

identical with dimethylacetal, made by heating methyl alcohol with

acetic aldehyde. Kramer and Grodzkyf state that it has since been

recognized as a constant constituent of wood spirit. Its formation is

probably due to the high temperature of the distillation, which enables

the aldehyde to act upon the methyl alcohol. From the large per-

centage of aldehyde in the product under consideration, it would seem

that this reaction had not taken place to any extent. Since an exami-

nation of the distillate below 65° in (c) failed to reveal the presence

of dimethylacetal, a second portion of 2,000 grms. was fractioned, the

lower fraction saponified and distilled over calcic oxide. The small

amount of residue left after removing the methyl alcohol with calcic

chloride, distilled at 57° -58°, was readily miscible with water, and

its reactions in general were characteristic of acetone. Dimethyl-
acetal could not therefore have been formed in quantity sufficient

for identification.

Acetone.

The first quantitative experiments on the influence of acetone upon
the commercial value of methyl alcohol were made by Kramer and

Grodzky.l They determined the quantity of dimethylaniline which

could be obtained from a given weight of pure methyl alcohol, and also

* Ann. Chem. Pharm., cxxxii. 240.

t Berichte deutsch. chem. Gesellscli., 1876, 1920.

X Ibid., 1880, 1005.
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from methyl alcohol containing different amounts of acetone. Their

results seemed to sliow that the yield was very considerably dimin-

ished if the quantity of acetone exceeded one per cent. Since crude

wood spirit always contains a much higher percentage, it must be

specially purified for the preparation of dimethylaniline.

Various methods, dependent either upon the physical or the chemical

properties of methyl alcohol, have been proposed for testing its purity.

Krell *
suggested a determination of the amount of methyl iodide

which could be obtained by treating a given quantity of the alcohol

with phosphorous iodide. In the hands of a skilful analyst the per-

centage of methyl alcohol may be accurately determined by this

method ; but, as Kramer remarked, it does not account for the nature

of the impurities, and it is not sufficiently expeditious. To overcome

these objections, Kramer f took advantage of the formation of iodo-

form from acetone. In his modification of Lieben's reaction, J the for-

mation of iodoform from ethyl alcohol and acetic acid is avoided, and

acetic acid is only partially decomposed.

According to Kramer's method a mixture of 10 c.c. of a normal

sodic hydrate solution, 5 c.c. of a double-normal iodine solution, and

1 c.c. of the alcohol to be tested, is shaken in a graduated cylinder with

10 c.c. of ether. 5 c.c. of the ether solution are withdrawn with a

pipette, evaporated on a weighed watch-glass, and the residue we'ghed
after drying in a warm desiccator. To obtain the weight of acetone

in Ic.c. of the alcohol, the weight of iodoform is multiplied by ,28 if

there are 9.5 c.c. of the ether solution.

The percentage of acetone in several fractions, as determined by this

method, is given in the following table.§ Since in each determination

from 9 c.c. of the ether solution 5 c.c. were evaporated, the weight of

iodoform was multiplied by .27 for the weight of acetone.

* Berichte deutsch. chem. Gesellsch., 1873, 1310.

t Ibid., 1880, 1000.

t Ann. Cliem. Pliarm., Suppl. VII., ccxviii. 377.

§ In several instances the fraction was boiled with silver oxide before test-

ing for acetone ;
but this seemed to have no appreciable effect on the quantity

of acetone indicated by the iodoform reaction.
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Fraction treated.
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oil, it contained pyroxanthine in small quantity, which could be pre-

cipitated by the addition of sodic hydrate. 2,000 grms. of (c) gave 45

grms. of the lighter oil, which was pale yellow when freshly distilled,

but it turned dark brown on standing. In attempting to fraction it, a

constant boiling point could not be obtained between 75° and 200°.

About two grms. of a substance distilled between 75° and 85°, which

formed crystals with acid sodic sulphite, indicating the presence of

methylethylketone ; but the quantity obtained was insufficient for

analysis. The penetrating odor observed in the distillate between 95°

and 105° was characteristic of the allyl compounds. It was possibly

due to a trace of allyl acetate, since after heating with sodic hydrate
and neutralizing the solution a qualitative test for acetic acid was

obtained with ferric chloride. This oil distilled for the most part be-

tween 150° and 200°. Finding, however, that a constant boiling-

point could not be obtained with the supply of substance at my com-

mand, I did not consider it worth while to fraction the amount of

material necessary to obtain the oil in large quantity.

The important characters of this product, as they have appeared in

the course of the preceding examination, may be summarized as

follows :
—

1. The high percentage of aldehyde in (a), of methyl acetate in

(a) and (b), and of methyl alcohol in (c).

2. Presence of methyl formiate.

3. Absence of dimethylacetal.

4. Small percentage of acetone.

5. General purity of the product.
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CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF
HARVARD COLLEGE.

A SIMPLE METHOD OF CORRECTING THE WEIGHT
OF A BODY FOR THE BUOYANCY OF THE ATMOS-
PHERE WHEN THE VOLUME IS UNKNOWN.

By Josiah Parsons Cooke.

Presented May 9th, 1883.

It is a familiar fact, that, in the usual method of accurate weighing, the

buoyancy of the atmosphere produces a sensible effect, whenever the

volume of the load differs materially from that of the equipoise. But,

as in all the ordinary processes of chemical analysis, the analyst deals

solely with relative weights, the presence of a perfectly dry atmosphere

does not influence his results, unless the conditions of temperature and

pressure have changed between the successive weighings ; and even

then the effect is insignificant in most cases. Still, when the volume

of the vessel weighed is considerable, differing from that of the weights

by as little even as twenty-five cubic centimeters (for example, in

weighing the absorption tubes used in "organic analysis "), the error

caused by variations in the density of the atmosphere may be sufficient

seriously to impair the accuracy of the result.

In weighing large vessels— as in determining the density of a gas
— the effect of any variation of buoyancy is eliminated by the well-

known methods of calculating the results
;
but the formulas usually

given for that purpose involve as known quantities the volume of the

vessel, the volume of the weights, the density of the air under the

standard conditions, as well as the temperature and pressure at the time

of the several observations ; and, since the calculations are somewhat

complex, and the required data not always readily obtained, the for-

mulas are seldom applied unless the volume of the load is quite large.

Moreover, in these formulas the effect of each factor cannot readily
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be traced, and most analysts are probably not aware of the extent to

which their weighings may be influenced by changes in the density
of the air due to variations of temperature and pressure. In seeking
to fix the weights of certain absorption tubes, (in connection with my
work on the revision of the atomic weights,) I have been led to a

method of correcting the weights of such tubes for variations of buoy-

ancy ; which, while it does not involve the determination of any data

except the temperature and tension of the air in the balance-case, and

is as simple in its application as the calibration of a flask, also gives a

clear conception of the effect of each variable on the weight.

It is assumed that the air of the balance-case is dry ; and with one

of Becker's balances I have not been able to trace any effect on the

weight of a glass vessel from variations of hygrometric condition,

when two open dishes of sulphuric acid (three inches in diameter)

were kept in the case, which has a volume of about thirty-seven cubic

decimeters. Under such circumstances, the only causes which sensibly

modify the weight of a small glass vessel (like a closed potash bulb-tube)

are the variations of temperature and pressure. The relative effect of

these two variables will appear from the following considerations,

which suggested the method I am to describe.

If we assume thirty inches of mercury as the standard of barometric

pressure, it is obvious that the variation of each tenth of an inch from

this standard will determine a change of ^J^ in the resultant effect of

the buoyancy of the air on the load and its equipoise. Again, if we

assume 27° C. as our standard of temperature,
— that is, 300° on the

so-called '• absolute scale,"
— then, according to the law of Charles, the

variation of each degree from this point will also cause a change of

-^^Q in the same resultant. In other words, counting from these

standards, a variation of one degree in the Centigrade thermometer

indicates the same effect on the density of the air, and therefore on its

buoyancy, as the change of ^ of an inch in the mercurial barometer.

In our climate the barometer changes slowly, and its fluctuations do not

ordinarily exceed one inch. On the other hand, the balances in our

chemical laboratories are liable to rapid changes of temperature, which

often exceed twenty degrees, the equivalent of two inches. Hence,

of the two variables the temperature is by far the more important.

If we select the two standards of temperature and tension here

assumed, we can easily correct for temperature by simply adding

to the observed height of the barometer (in tenths of an inch)

the difference between 27° C. and the temperature observed.— Of

course the correction becomes negative if the temperature exceeds
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27° C.— Having thus eliminated the effect of temperature, we can (after

taking a few weighings under as great a variation of temperature and

pressure as we can command) easily find the difference of weight

which corresponds to a variation of ^ of an inch in the barometer,

and we thus obtain a constant for the vessel (or other object weighed)

by means of which we can rapidly reduce the weights obtained to the

standard of thirty inches' barometric pressure, having previously re-

duced them to the standard of 27'' C. for temperature. The weights,

having now been corrected for buoyancy, can be compared ; and,

although the standards assumed may be as unusual in their associa-

tion as is one of them in its value, they are as legitimate as any others,

and will be found in practice more convenient.

To apply this method of reduction we simply leave the load equi-

poised on the balance, shifting the rider with the varying weight, and

noting the corresponding temperatures and pressures, until a sufficient

difference has been observed ; and a difference corresponding to 20° C,
or two inches of mercury, is adequate in most cases. The process

corresponds to calibrating a flask, and the constant, once obtained, can

be afterwards used for the same vessel, unless the weight of its con-

tents is materially altered. The following examples will show the

application of the method.

In each case the load was a closed absorption tube of peculiarly

irregular construction, but not much larger in volume than those

generally used in organic analysis. We give in the accompanying

tables, first, the date ; secondly, the observed weight ; thirdly, the

temperature of the balance-case ; and, fourthly, the height of the

barometer at the time of weighing in tenths of an inch. These are

the observed data. In the fifth column we give the reduced heights

of the barometer for 27° C, and these values are obtained by simply

subtracting the observed temperatures from 27°, and adding the re-

mainders to the observed barometric heights. Below the table we

print in each case the largest weight observed over the smallest

weight observed, and on the same lines the corresponding reduced

barometric heights. Dividing now the difference of weight in milli-

grammes by the difference of height in tenths of an inch, we obtain

the value last given, which we have called the*" constant." "With this

constant we can very rapidly reduce all the weights to the common
standard of thirty inches, and this we do by multiplying the difference

between 300 and the reduced barometric heights by this constant, and

adding or subtracting the product, as the case may be, to or from the

observed weights.
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TABLE OF WEIGHTS.

First Series.

No.
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and it was evident that the insignificant differences remaininsf arose

from the circumstance that the thermometer was not nearly so sensi-

tive as the air in the balance-case, following the changes of tempera-
ture of" the air after a considerable lapse of time. It was curious to

notice the slight increase of weight, caused by the radiation of the

body while weighing, followed after some time by a rise of the very
sensitive thermometer employed ; and this effect was obtained with

a displacement of only about 75 cubic centimeters of air.

TABLE OF WEIGHTS.

Second Series.

No.
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prove, the accuracy is sufficient for the purpose in view. When the

volume of the load is large, it becomes necessary to measure the tem-

perature and pressure with great precision, and to protect the balance

from radiation, and from all causes of rapid change of temperature.
It was a great satisfaction to the author to find that by so simple
means the relative weight of glass vessels of considerable size may
be determined with accuracy to the tenth of a milligramme,— an

accuracy which is fully equal to that of the most refined processes of

chemical analysis.

From the data given, and from the known normal density of the

air, it can easily be calculated that in the first series of weighings the

volume of the tube and mountings exceeded that of the weights by
about 75 cubic centimeters. With this difference of volume we have

a variation of ^^j of a milligramme of weight for a difference of ^^ of

an inch of mercury in tension, or one degree in temperature. Hence,
with a difference of volume of 100 cubic centimeters, we should have

a variation of weight amounting to about four milligrammes for every
difference of one inch in the barometer, or of ten degrees of the Cen-

tigrade thermometer ; and these data will furnish the basis for a rude

estimate of the effect in any given case. If the difference of volume

amounts to 2,500 cubic centimeters, then a difference of xoVo ^^ ^^

inch in the barometer, or of y^„ of a degree in the thermometer, would

cause a variation of ^g of a milligramme in the weight ; so, also, a

variation in the intensity of gravity amounting to only ^qoito ^^ ^^^

whole amount would produce a similar effect, and a sensible variation

would follow any marked change in the purity of the air. Hence, the

balance might be used to detect exceedingly minute changes in any
one of these variables, provided the others could be exactly controlled ;

and although with our better methods these applications of the balance

may be of no practical value, yet the considerations here adduced will

serve to show how sensitive the instrument is to the slightest changes

in the density of the air when loaded with vessels of large volume.

The best method of controlling the weight in such cases is that adopted

by Regnault in his classical work on the density of the more perma-

nent gases. This consists in balancing the vessel whose contents are

to be weighed with a second vessel of equal volume, the two hanging

side by side in a case lined with thick felt. The balance is set over

the case, and the vessels are suspended from the pans by means of

platinum wires, which swing freely through holes made in the base

of the instrument.
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YI.

CONTRIBUTIONS FROM TOE CHEMICAL LABORATORY OF
HARVARD COLLEGE.

ON THE VAPOR-DENSITY OF TtlE CHLORIDE, THE
BROMIDE, AND THE IODIDE OF ANTIMONY.

Bt C. p. Worcester, A. B. Harv, 1883.

Presented May 9th, 1883.

The usual form of the tube employed in Victor Meyer's method for

determining vapor-densities was found unsatisfactory, in that any slight

variation in the tension or the temperature of the enclosed air— such

as was caused by drawing out the stopper or dropping in the sub-

stance— was apt to draw water up the delivery arm from the pneu-
matic trough, and so crack the hot tube. This was remedied by

enlarging the delivery arm both in length and in bore. Several modi-

fications of the tube were tried, varying in capacity from 75 to 200

cubic centimeters. The tube that was found most satisfactory was of

hard glass, of the usual form (with the exception just noted), and of

about 150 c.c. capacity.

The neck was closed with a perforated rubber stopper, into which

was fitted a thin glass tube drawn out and closed at one end, the other

end being thrust nearly through the bored stopper. The substance

was weighed out in a small tube of the same size as that just described,

and the open mouth of this weighing tube was thrust into the lower

end of the same perforation ;
so that the rubber stopper both held and

closed it. The stopper being tightly fitted into the neck, and the ap-

paratus heated to a constant temperature, the upper tube was forced

downwards, pushing before it the tube holding the substance, which

was thus dropped into the bulb of the apparatus. As soon as the dis-

placed air ceased to come over, the closed tip of the upper tube was

broken off, thus effectually preventing the back flow from the pneu-
matic trough on cooling the apparatus or drawing the stopper.
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Bromide of Antimony, SbBrg.

The substance used being a white crystalline solid, not deliquescent

and not readily oxidized, no special precautions were found necessary.

Results.

No. 1 12.71

No. 2 12.34

No. 3 12.66

Mean 12.57

Theory 12.48

Greatest difference .... 0.14

Mean difference 0.09

Chloride of Antimony, SbClg.

Since the chloride of antimony is very deliquescent, the substance

was weighed in a closed tube, which was afterwards quickly transferred

to the perforated stopper of the apparatus, arranged as above described

so as effectually to protect the material from the atmosphere, till the

tube was dropped into the heated bulb. Determinations were made

in both air and nitrogen ; but the results seemed to show that no

advantage was gained by using nitrogen.

Results.

No. 1 8.0G

No. 2 8.03

No. 3 7.80

Mean 7.96

Theory 7.85

Greatest difference .... 0.16

Mean difference 0.11

Iodide of Antimony, Sblg.

Pure material was prepared by subliming in a stream of carbonic

dioxide a quantity of an otherwise pure substance, which, by exposure

to air and light, had been partly changed into the oxyiodide. Several
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determinations were made in the air, but the results showed that, at

the temperature of volatilization, the iodide was rapidly oxidized, and

the determinations were afterwards made in an atmosphere of nitro-

gen. Many unsuccessful attempts were made to obtain pure nitrogen

by the well-known method described by Dr. Wolcott Gibbs. The

method consists in simply mixing together and warming solutions of

sodium nitrite, ammonium nitrate (or suljjhate) in excess, and potas-

sium dichromate in large excess, the speed of the reaction being regu-

lated by the amount of the dichromate added. It was found that red

fumes always appeared in the nitrogen evolved ; and that, while no

variations of proportions quite eliminated the fumes, still, when but

very little bichromate was used, the resulting nitrogen was compara-

tively pure. It was evident, as Dr. Gibbs pointed out, that the nitric

fumes were caused by chlorine present as an impurity in the materials

used, and the impurity was readily traced to the dichromate ; but, as

the purification of potassium dichromate is troublesome and expensive,

it was found more practicable to pass the impure nitrogen over red-

hot copper filings recently reduced, and then through drying-tubes.

The nitrogen thus purified gave satisfactory results.

. Results.

No. 1 17.25

No. 2 17.90

No. 3 17.63

Mean 17.59

Theory 17.33

Greatest difference . . . 0.31

Mean difference . . . . 0.26

It will be seen that the results do not agree very closely with the

theory, or with each otlier. While we do not presume that we have

obtained as accurate results as the method will allow, a ^evr trials care-

fully conducted and closely watched made it evident that very close

results cannot be reasonably expected from this method. An abso-

lutely constant temperature— indicated by the unchanging position
of the water surface in the delivery tube— it is practically impossible
to maintain. Furthermore, the slight resistance to be overcome by
the air in rushing out of the delivery tube is often enough to retain
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the last bubbles, especially when there is any delay in the volatilization

of the substance, giving time for the diffusion and partial condensa-

tion of the vapor. Such variable conditions seem to preclude the

possibility of uniformly accurate and consistent results from Meyer's
method.
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VII.

NOTES ON SOME SPECIES IN THE THIRD AND
ELEVENTH CENTURIES OF ELLIS'S NORTH AMER-
ICAN FUNGL

By W. G. Farlow.

Presented May 9th, 18S3.

The third Century of Ellis's North American Fungi, issued in

1879, and the eleventh, issued in 1883, contain almost exclusively

species of Uredinece and Peronosporece. As a considerable number of

these were collected by me, and others were examined by me at the

request of Mr. Ellis, I have taken occasion in the present paper to

offer certain notes with regard to the determination and distribution

of some of the species, which are either new or not sufficiently well

known.

In the first place, a few remarks on the nomenclature adopted are

perhaps necessary. In publishing a series oi fungi exsiccati like that

of Mr. Ellis, greater latitude is naturally allowed than were one pub-

lishing a monograph of the UredinecB or Peronosporece. In the latter

case one would be expected to give names only to what he regards as

good species, and all other names would be reduced either to synonyms,
or would appear under the head of species inqidrendce. In issuing a

series of exsiccati, however, one is not only at liberty to distribute

species the validity of which seems to him certain, but it is frequently
desirable to distribute forms which have received definite names from
the earlier mycologists, although their specific value is doubtful. In

the latter case, all that is incumbent on the editor is, as far as possible,
to be sure that the specimen distributed really corresponds to the form

which originally bore the name given. In the Centuries to which we
refer, several species bear the names of Schweinitz and other earlier

mycologists ; and it is not to be understood that the species are really

considered to be valid, but merely that, in the opinion of the editor,

the specimen represents the form originally described under the name

given, and that the species must be studied further.

VOL. xviii. (n. s. X.) 5
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In the case of Peronosporece^ the nomenclature presents no excep-
tional difficulty; but the case is very different with the Uredinece,

which present, perhaps, greater complications than any other group of

plants. Among mycologists the almost universal custom is, in case a

change is made in the genus, to retain the original specific name, put
the original authority in a parenthesis, and add the name of the person
who first gave the correct generic name. In any work which is at all

elaborate, the parenthetical name is given as well as the generic

authority, and in such cases no difficulty usually arises. But in

published lists or specimens distributed as exchanges, the parenthetical

name is often omitted, and difficulties of interpretation arise. By
retaining the parenthetical name difficulty may be avoided ; but it is

too much to expect that mycologists will closely adhere to the plan in

practice, because it involves a good deal of trouble. In the case of

Phaenogams the parenthesis is not generally used, and it might be

asked whether cryptogamic botanists had not also better abandon it.

The usage, however, is so nearly general, that one can see very little

hope of its discontinuance, at least for a good many years to come.

But it must be admitted that in the case of the Thallophytes the use of

the parenthesis has a value which it would not have in Phajnogams.
The genera of Fungi, for instance, are not so definitely fixed as in

Phaenogams, and the tendency seems to be to increase the number

with greater and greater rapidity. A species of Fries, for instance,

may during five years be dragged through no one knows how many
new genera, and it is with a mildly malicious satisfaction that one sees

those modern writers who adopt minute generic subdivision forced by
the prevailing custom to add the {Fr.) as a slight tribute to the

past.

If mycologists are at times too much inclined to multiply genera,

they sometimes err in another direction, and in search of an old spe-

cific name pass beyond the limits of the certain, or even the probable,

to what is merely vague conjecture. It is this latter tendency which

has served to make the nomenclature of the Uredinece at times

obscure. The connection between the a^cidial states and the teleuto-

sporic states of the different species brings up the question of how this

connection can be represented in the nomenclature. Shall we, in case

we believe that a certain ^cidium is connected with a certain Uredo

and Puccinio, take the oldest specific name, whether it belongs to the

u^ridinm, Uredo, or Pucclnia'} This is in the main the plan adopted

by Winter in what I would gladly acknowledge to be the most com-

plete systematic account which has yet appeared of the Uredinece of any
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countrj'. Cut to abandon the oldest specific name of Puccinia, and

substitute for it an older name given to the ^cidium which is sup-

posed to be connected with it, is to encounter difficulties and produce

a confusion which is unnecessary. Suppose, to refer to another order

of Fungi, that the conidial form of a Pleos-pora had been described as

a Cladosporium before the ascosporic form had been described, would

mycologists suppress the original name given to the ascosporic form,

and retain that given to the conidia ? Certainly not. The generic

distinctions in the Uredinece are mainly derived from the characteris-

tics of the teleutosporic stage, and the generic names are, as far as

possible, those originally given to the teleutospores. The discovery

that the so-called species of ^cidium are states of Puccinia, Uro-

myces, and other genera, has not affected the generic terminology at

all, and I see no reason why it should affect the specific names. As

it is, the greater number of species of Uredinece, excepting of course

the purely secidial forms, are recognized by the names given to the

teleutosporic or Uredo condition, and if hereafter any particular secid-

ial form is found to belong to them, I see no reason why the specific

name should be changed because the ^cidium was described before

the other stages. As soon as an ^cidium is found to be connected

with another form, its name should disappear, and it should simply be

called the aicidial or hymeniferous condition of the species of Puccinia,

or other genus to which it belongs, unless, of course, for purposes of

what may be called mechanical convenience, one retains the aecidial

name unchanged in exchanges or lists.

For practical reasons, if for no other, the custom of substituting an

aecidial specific name for a name given to a Uredo or teleutosporic form

should by all means be avoided. Of all the Uredinece described by
older writers, probably none are more difficult to determine satisfac-

torily at the present day than the species of ^cidium so called.

Original specimens of that genus are as a rule not so well preserved as

those of other genera of the order, and if one usually gets little satis-

faction from examination of what is left of the original types, he is

scarcely any better off on reading the older descriptions. It was not

unfrequently the habit of older mycologists to describe as varieties of

one ^cidium forms found on the most diverse plants, and most

certainly it is going too far to substitute for the name of a Puccinia,

let us say, which has passed current for many years, the name given

by an old authority like Persoon or Link to what he considered a

variety of an ill-defined ^cidium. It cannot be said that any want of

respect to the older writers is shown by abandoning their gecidial names
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in such cases. In this connection we might mention one of our own

species. There is a Puccinia which grows on Claytonla, whiih was

described by Peck and Clinton in 1873. It is now well known that this

Puccinia is often accompanied by what was described by Schweinitz

in 1831 as Cceoma (^cidium) Claytoniatum. It is inferred that one

form is a stage of the otlier, and, supposing that this inference is cor-

rect, shall we say, instead of Puccinia Marice-Wilsoni Clinton, Puc-

cinia Claytoniata (Schw.) Fallow ? I am distinctly of the opinion

that such a change should not be allowed. The case mentioned is one

of the strongest, and other instances are less favorable still.

One more point needs to be considered. If one is not justified in

going back to aecidial specific names, is he justified in going back to

old Uredo names? It seems to me that one is justified in this, and

that the objections urged in the case previously mentioned do not

apply to any great extent here. As a matter of fact, the types of the

earlier described Uredo forms are much better preserved than ^cidia^
and examinations of older herbaria frequently enable one to determine

with accuracy what form was meant by an older author. Further-

more, the Uredo and teleutosporic forms frequently are found together

in the same soriis, or in close proximity, and examinations of authentic

specimens often show the relation of an old described Uredo to a more

recently described teleutosporic form. The most important considera-

tion, however, is the following. Many of the forms now recognized

as teleutosporic have one-celled spores, and were originally described

as forms of Uredo, and in such cases one must go back to the original

specific names. We may mention several of our species of Uromyces

originally described by Schweinitz as species of Uredo. Whenever

an examination of Schweinitz's specimens of Uredo enables us to

recognize a species of Uromyces or Puccinia, we are warranted, I

think, in substituting a Schweinitzian specific name for a more recent

one, and placing his name as authority in a parenthesis. A number

of Schweinitz's species of Uredo are so generally known to belong to

Uromyces, Coleosporitim, and other genera, that the use of the paren-

thesis is often omitted, until some m3^cologist desirous of adding his

name to as many new species as possible gains a cheap reputation by

appearing suddenly in print with his name attached as authority to an

old and well-known Schweinitzian species.

If I have advocated retaining the older Uredo name in cases where

we know with certainty what was meant by the earlier mycologists, I

have by no means intended encouraging the use of names about which

there is doubt, either from the absence of typical specimens, or confu-
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sioa of several species by older writers. Rather than favor that

method— if one may say so— of forcing priority, I should prefer to

give up the substitution of all old Uredo names, except, possibly, in the

case of species now referred to Uromyces.

To make a long story short, I am of the opinion that in naming
Uredlnece we should go back to the oldest specific name given to the

teleutosporic form or to the Uredo form, provided sufficiently good
data exist in older writings or herbaria to enable us to ascertain with

certainty whether the Uredo named actually was associated with the

teleutosporic form ; and this can in many cases be settled by reference

to older herbaria. The connection between teleutosporic and a3cidial

forms certainly was not suspected until recent years ; and, as it seldom

happens that in old herbaria the two forms are found intimately asso-

ciated, and, furthermore, as the whole group of ^cidia are rather

va^i^uely characterized by older writers and poorly preserved in her-

baria, it seems best to abandon the attempt to go back to the original

secidial name. Where the practice might succeed in one case, it would

produce uncertainty in many more ; and while, on the one hand, there

is danger that sufficient attention may not be paid to priority, there is,

on the other, still greater danger that, by attempting to do too much,

the nomenclature of Uredinece may become hopelessly entangled.

In the North American Fungi a considerable number of forms of

^cidium have been issued, sometimes with a reference on the label

to the teleutosporic form to which they have been referred, but in most

cases without such reference. In this country it seems to me that

in general a conservative policy had best be adopted in regard to asso-

ciating our ^cldla with teleutosporic forms. Information is always

to be desired ; hasty assumption, however, is an entirely different

matter. In Europe so many excellent observers have experimented

on the connection between different forms, that in regard to European
UredinecB one can venture to make a statement of the subject in

systematic works. In this country almost nothing has been done in

an experimental way, and, if one will only bear in mind the peculiar

relations which ^cidia and Uromyces on Euphorhice are considered to

bear to one another in Europe, he will recognize that w^e in this

country cannot assume that, because an ^cidiinn and a Puccinia or a

Uromyces occur on the same host, even when in close proximity, they

are really stages of one species. All one can say is that such is

probably the case. In papers describing our Uredinece one should of

course state, as far as he knows, what ^cidia are found with teleuto-

sporic forms ; but to go farther than this in our endemic species, anrJ
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in several of the species which also occur in Europe, is in my opinion

undesirable. To group together hastily different forms is a very easy
matter ; but it is more to one's credit to be willing to wait until future

study shall have shown what forms really are connected.

Syncliytrium fulgens Schrt. var. decipiens Farlow, no. 201, and

S. Anemones Wor., no. 203, are now known to be common in the

Western as well as the Eastern States, but apparently *S'. papillatum
Farlow is not known beyond the region where it was first collected

by Dr. Anderson.

No. 207, Peronospora ohducens Schrt., has also been found in Iowa

by Professor C. E. Bessey, and in Illinois by Mr, A. B. Seymour.
I at first su^jposed that this fungus appeared only in the spring on the

cotyledons and occasionally the youngest leaves of Impatiens, but it

was found by Professor William Trelease to be common ou the mature

leaves of Impatiens collected at Wood's Holl in August, 1880. The

cotyledons are generally thickly covered by the conidia, but on the

leaves the spots are generally small and scattered. I have myself
never found ripe oospores, and only rarely the young oospores, of this

species, but they were found fully developed by Mr. Seymour in

specimens on Impatiens collected in Illinois. They occur in large

numbers in the petioles and young stems from just beneath the

epidermis to near the vascular bundles. The oogonia measure from

38-45/x in diameter, and the oospores themselves are from 26-31/a
in diameter, with an endospore about 3/x thick. The outer wall of

the oospores is nearly smooth, but usually has a few ill-defined folds

or ridges, not, however, to be compared with the markings on the

oospores of some other species.

No. 208, Peronospora viticola (B. «&; C.) De Bary. In the Bussey

Bulletin, Vol. I. p. 422, March, 1876, I made the statement that

practically no harm was done to the grape crop in our Northern States

by this fungus, but added,
" Should the fungus be introduced into

Central Europe, the case might be different." Since that date, as

every one knows, this parasite has been introduced into Europe, and

an enormous amount has been written relating to its spread on

the Continent and the harm that it has caused. On the latter point

authorities differ, some going so far as to assert that it does as much

harm as the Phylloxera, and others that it does perceptible harm

only in exceptionally moist seasons. The majority of writers, how-

ever, believe that considerable damage is done by the fungus, and the

statement made in the Bussey Bulletin is not credited. While admit-

ting the damage done in other regions, I have seen no reason for
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changing my opinion with regard to the harmlessness, practically speak-

ing, of the Peronospora in New England. I never meant to deny that,

theoretically speaking, the existence and growth of a parasite like

P. viticola would weaken the vines in which it was growing ; but the

fact is that I have repeatedly seen vines attacked by the Peronospora

produce good crops of grapes year after year, and, whatever we might

expect in theory, in practice no perceptible harm is done to the open-

air grape culture in New England. In that region, as was stated in

the Bulletin, the great danger to be dreaded is the occurrence of frosts

before the grapes have ripened, and the Peronospora, in so far as it

causes the leaves to curl up, thus exposing the grapes to the full force

of the September sun, benefits rather than injures the grape crop.

The position of New England and the northern parts of the United

States with regard to grape culture is quite exceptional, and there is

evident reason why what is true of the Peronospora here should not

be true in other parts of the world.

Nos. 209 and 210. Peronospora Halstedii, Farlow. This species

was referred to in the Bussey Bulletin, Vol. TI. p. 235, January,

1878, where mention was made of a Peronospora found by Mr. B. D.

Halsted on Eupatorium purpureum, near the Bussey Institution, in

May, 1876. Since then the fungus has been collected in numerous

other localities and on several different hosts, and it may now be

reo-arded as one of our most widely spread and characteristically

American species. It was found by Professor Bessey, in August,

1878, on Eupatorium purpureum, Bidens frondosa, and Rudheckia

lacmiata, and since then it has been observed by Professor Arthur on

Helianthus doronicoides in Iowa ; on Helianthus strumosus and Sil-

phium terehinthinaceum in Wisconsin, by Professor Trelease ; on

Helianthus tuberosus in West Chester, Pa., by Mr. J. B. Ellis; and I

have myself also found it on Ambrosia artemisicEfolia in several dif-

ferent localities. In short, we may expect to find it on almost any

Composite, although it apparently affects principally the Tubidljiorce,

while with us P. (jangliformis affects rather the Ligulijlorce. The ripe

oospores of P. Halstedii are not common, as far as my experience

goes ; but I have seen them in good condition on the leaves of Heli-

anthus doronicoides, collected at Charles City, Iowa, by Professor

Arthur. The conidia vary in their development according to the

host, forming large and conspicuous patches on Rudbeckia, Silphium^
and Helianthus tuberosus, but rather inconspicuous spots on Ambrosia.

The conidial spores vary very much in size, and their shape, as in all

Peronosporce, depends much on their age ; when young oval, when
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about to germinate, elliptical and slightly papillate. In germination

they produce zoospores like P. viticola. The germination I have

obsei'ved in the form growing on Ambrosia at Wood's Holl, and it

differs in no essential respect from what takes place in all our zoo-

spore-producing species, to wliich reference will be made hereafter.

The nearest ally of the present species is P. viticola, from which

P. Halstedii differs but little in morphological characters ; but in

P. viticola the ultimate branches are distinctly more dense, so that

the tips almost appear denticulate at times, while in P. Halstedii the

ultimate branches are more or less subulate and divaricate. In

P. Halstedii the haustoria are numerous in the leaves, nearly glob-

ular, and much more easily seen than in P. viticola. The oospores

of the two species resemble one another, but those of P. Halstedii

appear to be on an average larger, and the epispore more distinctly in

irregular folds. As might be expected, a species appearing on so

many hosts presents modifications on the different hosts. The most

marked deviation from the type is seen in the form on Helianthus

tuberosus from Mr. Ellis. In the type the conidial stalks consist of a

main axis, from the upper part of which are given off" lateral branches

nearly at right angles ; the branches then give off a second and third

series of branchlets, which usually end in a prong-like projection, near

the base of which are from two to four similar prongs in a divaricating

tuft. The general outline of the conidial ramifications is pyramidal,

while in P. viticola it is more nearly linear. In the form on species

of Helianthus tlie lower branches are often much longer and more

frequently divided than in those on Ambrosia and Hidens, and the

branching becomes almost thyrsoitlal. In rare cases, the usually erect

prong becomes recurved, and the tip of the branchlet swells so that

there is an approach to P. gangliformis, from which, however, it can

easily be distinguished by the different ramification. Were it not for

the large series of connecting forms, one might be inclined to separate

the specimens of Mr. Ellis as a distinct species. The following may
serve as a description :

—
P. Halstedii, Farlow. Mycelium furnished with numerous oval

haustoria. Oogonia 30-40/x in diameter. Oospores spherical, yellowish,

23-30/A in diameter, epispore with ill-defined folds, endospore about

3/A thick. Conidial stalks fasciculate, narrowly pyramidal in outline,

with a percurrent axis, ll-15/x in diameter, 300-750/x long, two -four

times pinnate, branches given off nearly at right angles, ultimate

divisions approximate in clusters of three or four divaricating tips.

Conidial spores colorless, oval or elliptical, with a slight papilla,

19-30/A long by 15-26/a broad, germinating by zoospores.
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Hab. Leaves of Eupatorium piirpureum L., Ambrosia artemisice-

folia L., Bldens frondosa L., Rudbcckia laciniata L,, Silphlum tere-

binthinaceiim L., Helianthus strumosus L., II. doromcoides Lara., and

H. tuberosiis L.

In the Bussey Bulletin for 1876 less than a dozen Peronosporece

were enumerated as known in the United States, but since that date

the number has been very much increased. Reference will be made

later on to the additions to our flora, but in this connection I would

call attention to the large proportion of species whose conidial spores

produce zoospores. I have studied the germination in P. vlticola,

P. Halstedil, P. obducens, and P. Geranii, no. 218, North American

Fungi, and find that the spores all produce zoospores in germinating,

although I have experienced difficulty in making those of the last

named species germinate, having tried for several j-ears in vain.

Besides the species just enumerated, Peronospora (^Basidiophora)

entospora Cornu and Roze, which according to Cornu also germi-

nates by zoospores, is now known in at least three localities in this

country.* Counting also the potato-rot, we have six species which

produce zoospores. Of these P. viticola and P. Halstedii are dis-

tinctly, and P. entospora probably, of American origin. P. obducens

was discovered almost simultaneously in Baden and in Massachusetts,

and as it is about equally common on both continents on indigenous

species, we have no guide to its original home. P. Geranii, it seems

to me, can on morphological grounds with difficulty be distinguished

from P. nivea on Umbelliferce in Europe, and I previously regarded it

as a variety of that species. Certainly, if there is a difference, I was

not able to express it in words. It is, however, distinct from any

European form on Geranium, and as the majority of Continental

botanists will not admit that the same Peronospora can .grow on

* The species was originally found on Erigeron Canadense in France, and has

since been found in Germany. I first received American specimens from Pro-

fessor T. J. Burrill, of Champaign, III., by whom it was found on Erigeron in

May, 1878. The species afterwards was described in the Thirty-first Report
of the New York State Museum as Peronospora simplex Peck, on Aster Novce-

AngHoe, from New York, and it has since been found by Trelease in Wisconsin,

on Aster NovcB-Avglice. Although I have often searched, I have never found

it near Cambridge, but instead Cercospora caiia Sacc, which to tlie naked eye
resembles it. Probably the species is a native of America, and was introduced

into Europe with Erigeron, following the e.xample of P. viticola. P. Halstedii,

as far as I know, is not yet known in Europe, but it may be e.xpected to appear
there at any time, and may do a real injury to the crops of Helianthus tuberosus,

which is largely cultivated in several parts of Europe.
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species of orders as remote as Geraniacece and UmbelHfercB, in their

sense, at least, P. Geranii must be considered peculiar to America.

I once tried without success to cultivate it on an Umbellifer, but that

hardly shows anything, as under all circumstances— and I have tried

many times— the couidia of this species are with difficidty made to

germinate at all. One naturally asks why it is that such a large pro-

portion of our species produce zoospores instead of direct germinal

tubes. From their close resemblance one might suppose that P. viti-

cola, P. Halstedii, and, to stretch the matter somewhat, possibly P.

Geranii, were derived from some common American ancestor which

produced zoospores. If, in the various surviving species, we find this

common peculiarity of germination preserved, we ought certainly to

suppose that this form of germination is especially adapted to the

climatic and hygrometric conditions of our country. Strange to say,

the contrary appears to be more probable. Our climate is a continental

one, subject to extremes of heat and moisture, and one would suppose

that a species with spores so contrived that they could push forth

germinating tubes would be more likely to survive in comparatively

dry seasons than one arranged to give out a number of zoospores ;
for

it is the result of my experience that the tube-producing spores retain

their vitality for several days, whereas those which produce zoospores

lose their power of germinating in a comparatively few hours after

maturing. It may be said, on the other hand, that the chances of

survival are greatest if the spores usually produce zoospores, but in

exceptional cases produce germinal tubes. P. infesians, which usually

produces zoospores, is known occasionally to produce tubes, but of the

hundreds, or even thousands, of germinating spores of P. viticola and

P. Halstedii I have seen, I never met with one producing anything

but zoospores.

No. 228. JEcidhim Convallarice Schm. var. Lilii. This was found

in June efrowiu^ on cultivated Lilium candidum, but was not followed

by any uredo or teleutospores. It certainly is not JEcidium Liliacearum

Ung., which is associated with Uromyces Liliacearum Ung., nor the

ascidium of Puccinia Liliacearum Duby, but rather a large form of

^c. Convallarire Schm., of which no. 229 on Polygonatum is the

more common form.

No. 230. This is the common form of ^c. myricatum Schw.

The small form distributed with Cent. XI. is only known to me from

Mr. Ellis's specimen.

No. 225, It is possible that there was a mixture of two species un-

der this number, as in my copy I notice one leaf with j^c. punctatum P.
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No. 1003. It may be doubted whether either the form oa Ra-

nunculus abortivus or that on Anemone nemorosa is the same as the

u^c. Raiiunculacearum DC, or the form associated witii Uromyces

Dactylidis. The fungus on R. abortivus is the u^c. Ranunculi of

Schvveiuitz's Syn. Car. no. 410, afterwards referred to ^c. Ranuncu-

laceatum Lk. in the Syn. Am. Bor. The form on Anemone has the

jecidia in spots, as iu -^c. Ranunculaceurum DC, but the small size

of the ajcidia, as well as other peculiarities, leads one to ask whether it

is not distinct from all the forms on Ranunculus.

No. 1004. ^cidlum Thalictri Grev. Mr. Ellis informs me that

by accident the wrong specimens were distributed with this number,

and that the true species will be distributed later.

No. 1007. I can see no good ground for separating this from

^cidium Violce Schm. Authentic European specimens of that spe-

cies have spores as large as this. ^c. Petersii B. & C, which also

occurs on violets, has slenderer and longer peridia.

No. 1018. The three forms on Rudbeckia, Xanthium, and Solidago

may, for want of any satisfactory information as to their relationship,

be called ^c, Compositarum ; but it is perhaps going too far to give

Martius as the authority. The form on Xanthium is in Massachusetts

frequently followed by the Puccinia Xanthii of Schweinitz, distributed

as no. 264.

Nos. 1021-1026. In another paper I shall refer to the distribution

of the Peridermia of the White Mountain region, and the names and

authorities here given are taken from Thiimen's Blasenrost Pilze der

Goniferen without criticism. The P. orientale, no. 1026, apparently
common in the Southern States, is rosy flesh-colored when fresh, and

is probably what is figured by Bosc in Gesell. Naturf. Freunde, Vol.

V. PI. G, f. 13, as Tubercularia cornea.

No. 1084. The spermogouia of this species usually appear on the

leaves, while the a3cidia are more common on the fruit and smaller

twigs.

No. 1086. The typical form of Roestelia penicillata Fr. is well

shown in the specimens on the fruit of Amelanchier.

No. 1087. Apparently R. Botryapites Schw. occurs in its most

luxuriant form on AmelancJner, growing near the seashore, as shown

in the specimen from Magnolia, Mass.

No. 1089. This is the typical R. cornuta Tul., and is abundant at

Eastport, Me., where it is associated with Juniperus communis, which

on the coast of Maine is infested by Gymnosporangium clavariceforme

DC. no. 273. It is supposed, however, in Europe, that R. cornuta is



76 PROCEEDINGS OP THE AMERICAN ACADEMY

connected with Gym. conicum DC, which does not occur with us in

the region where the typical R. cornuta abounds.

Nos. 277 and 278. Tiie ^cidium nitens of the Syn. Fung. Car.

Sup., changed by Schweiiiitz to Cceoma luminatum in the Syn. Fung.
Am. Bor., is probably the most striking and brilliant member of the

Uredinca; in the Eastern United States, where it is extremely common
on several wild species of Riibus, being familiar to every child. In

spite of its frequency there is as yet no clue to its connection with any
other form. The spermogonia are very abundant, and cover both

surfaces of the leaves, and the petioles, looking to the naked eye like

minute greenish-yellow glands. They cause a peculiar deformity ot

the younger shoots, which become longer and slenderer than usual,

and paler in color, and the leaves remain small and unexpaaded. The

spermogonia, instead of being wholly or partly immersed in the leaf,

as in most species, are entirely above the surface of the epidermis,

which rises so as to form a cup, often contracted at the base, leaving
the whole body of spermatiferous threads projecting in somewhat

club-shaped glutinous masses, either quite naked or covered for a time

by the cuticle only. The spermatia are nearly spherical. The spores

are arranged in rows like the uredo of Coleosporium, and when fully

ripe are somewhat hexagonal in outline, the wall being thinner at the

angles. In germination they give off long hyphce from the angles,

and not promycelia proper. The present species resembles in many
respects the forms placed by Tulasne, in his Second Memoire sur les

Uredinees et les Usdlaginees, in the genus C(Soma, using the name in

a more restricted sense than Link and Schweinitz, and on that account

the generic name Cceoma was given in the North American Fungi.

On grounds of priority the specific name nitens should be kept; but,

of course, in our ignorance of the connection of this form with others,

no generic name can be given which it may not be required to

change in a short time. One might sup{^ose that we had here the

gecidium of some Phragmidium, as the ascidia of that genus as under-

stood by AVinter resemble our plant. I have never been able to trace

any connection, however, between our rust occurring early in the

season and any subsequently appearing Phragmidium or Coleosporium,

and the probabilities are that the species is heteroecious.

Nos. 247 and 248. Pileolaria hrevipes B. & Rav. Mycologists

have been in doubt as to the teleutosporic form of this species. The

more common form is the uredo, no. 247, in which the spores are

depressed-globose and covered with roughnesses, and it is to this form

that the name Pileolaria brevipes was first given. The teleutospores,
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which are more frequent toward the end of the season, are short-

stalked, ovate, with a distinct hyaline papilla at the npex, and are

marked witli spiral lines or dots arranged in spirals. This latter stage

is the Uredo Toxicodendri of Ravenel's Fung. Car. III., no. 797,

described by Berkeley in Grevillea, Vol. III. p. 5G, under the name

of Uromyces Toxicodendri. It seems to me that Leveille and Tulasne

were ri<rht in considerins; that Fileolaria is not distinct from Uromyces.

The same view is adopted by Winter, by whom, however, in the

Euro{)ean species, P. Terebinlhi Cast., the depressed globose spores

are considered to be the teleutospores, and not the uredo stage. The

Californian form on R. diversiloba seems to me the same as that found

on E. Toxicodendron in the East. A second species, P. ejfnsa, has

been described by Peck on species of Phus from Arizona. Inasmuch

as the P. brevipes and U. Toxicodendri were both distributed first in

Ravenel's Fung. Car. Sup. in 1855, it seems to me that, assuming the

funo-us to be a Uromyces, the name to be adopted by preference is

U. Toxicodendri Berk. & Rav.

Nos. 23'J and 240. The species of Uromyces growing on Graminece

are especially perplexing in this country. The two numbers here

distributed are forms mentioned in the Bussey Bulletin, Vol. II.

p. 243, that on Spartina being considered to be probably a variety of

U. Junci. Since then I have been able to examine more fully the

various forms of U. Junci, and must now consider that the form on

Spartina is distinct. The teleutospores resemble strongly those of

U. Junci (Schw.) Tub, but the uredo spores are larger and differently

colored, so that the species is easily recognized when they are

present.

Ukomyces Spartix^ Farlow. Sori long and narrow, soon naked.

Uredo spores orange-colored, long-stalked, globose or somewhat ellip-

tical, 25-34fA in diam., average 30/i., echinulate. Teleutospores

smooth, dark brown, long-stalked, 26-32/^ by 15-19/x, ovate, narrowed

at the base, apex acute or rarely truncate, with a thick wall.

On Spartina stricta, submerged at high tide. Wood's IIoll, Mass.

July and later.

As yet I have only seen this species at Wood's Holl, but it is to be

expected anywhere on the New England coast. The only JEcidia

seen growing near this species were those on Xanthium and Slatice,

which can hardly be supposed to have any connection with the present

Uromyces, as they are accompanied by P2(cct7iia Xanthii and Lro-

myces Limonii respectively. In the description I have said nothing

about paraphyses, although the teleutospores are mixed with hyaline
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threads which may be paraphyses, although they are possibly merely
the long stalks which have already borue uredo spores.

The Uromyces on Brizopyrum occurs from New Jersey to Glouces-

ter, Mass., and is apparently common. It has been considered a form

of U. Dactylidis Otth., a species with regard to the limits of which I

can form no very clear idea, as the descriptions given by European
writers do not entirely accord with authentic specimens. In its typical

condition U. Dactylidis has sori which are long covered by the epider-

mis, and there are numerous capitate paraphyses. Gapitularia Gra-

minis Niessl in Rabh. Fung. Eur. no. 1191 is regarded as merely a

form of U. Dactylidis, but in this form the sori are naked and promi-

nent, and the paraphyses not plain. Our form on Brizopyrum ap-

proaches closely to the 1191 of Fung. Europ., and it is perhaps not

very plain why, if U. Dactylidis includes the specimen in Rabenhorst,

it should not be extended so as also to include our form. Such,

however, is not the opinion of European botanists who have examined

American specimens, and on that account the fungus was distributed

as U. Pechianus Farlow, as it was first detected by Peck, by whom it

was considered to be identical with U. Graminis Cooke. As it is, the

distinction between U. Peckianus and U. Dactylidis lies in the fact

that in the former the sori are naked, the teleutospores are longer-

stalked, have a thicker wall, which is of nearly uniform thickness

throughout, not being denser at the apex, which is always obtuse, and

not pointed. The paraphyses are filiform and mixed with the teleuto-

spores, and not arranged in a ring around the sorus.

U. Peckianus Farlow. Sori oblong or linear, naked and becoming

convex. Uredo spores short-stalked, yellowish brown, echinulate,

globose, 18-21 a in diameter. Teleutospores mixed with filiform para-

physes, dark brown, long-stalked, oval or elliptic, smooth, 22-34/a by

19-23/A, narrowed at base, apex obtuse, cell wall scarcely if at all

thickened at apex.

On Brizopyrum spicatum. New Jersey to Gloucester, Mass.

Autumn.

Nos. 1067 and lOGS. Uromyces Martinii Farlow. With regard

to the a-cidium, no. 1098, I at first supposed that it immediately pre-

ceded or accompanied the Uromyces; but that not being the case, it

is hasty to assume a connection between the two, and, without wish-

ing to irive a name, it is distributed for further study by mycologists.

The name U. Martinii is given to 10G7 because, although there is a

Uromyces Melardherce Cooke on Melanthera Brownii from Natal

described in Grevillea, June, 1882, the description there given of the
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teleutospores does not accord with the present species. It is there

stated: "III. Soris pallidis, compactis, hemisphericis. Teleutosporis

lanceolatis, pallidis, lajvibus (.05 X -02 mm.). Episporia supra in-

crassato." I add a description of the Florida fungus.

Ukojiyces Martixii Farlow. Sori round, naked, scattered ir-

regularly over both sides of the leaves. Uredo spores pale brown,

oval, and occasionally triangular in outline, echinulate, 18-22/a in

diam., average HOix. Teleutospores dark brown, short- stalked, globose

or broadly elliptic, 26-3o/x by 22-26/i,, cell wall thick, smooth or

slightly roughened, apex with a prominent hyaline, broadly couical

papilla.

On Melanthera hastata. Florida. Dr. Martin.

The species, it will be seen, is characterized by its broad, globose,

thick-walled teleutospores, with very marked hyaline papilla at the

apex. The uredo spores not unfrequently are more or less triangu-

lar in outline, but whether this is the result of drying I cannot

say. At any rate, potash fails to restore the original form, if it were

oval. A comparison with the description of U. Melantherce shows

that the description of the uredo spores corresponds more closely to

the teleutospores of our plant than to the uredo spores, and were it

not that the expression "teleutosporis lanceolatis" occurs, one would

say that our fungus and that from Natal were the same, and that

there was an inversion in the description of the uredo and teleuto-

spores.

No. 1072. Uromyces LiUacearum Unger. In Rabenhorst's Kryp-

togamen Flora this species is placed by Winter in the subgenus

Uromycopsis, in which aecidia and teleutospores are known, but the

uredo is wanting. I found the uredo and teleutospores of the species

growing together at Shelburne, N. II. The uredo sori are small and

long covered by the epidermis, and the spores are oval, bright yellow,

and measure 23-26/x in diameter, the surface being slightly echinulate.

In this connection it may be remarked that, in his Twenty-seventh

Report, Peck mentions the occurrence of a iiredo on Lilium Ganadense,

which he refers to U. Smilacis Schw. The present species is also

found in Massachusetts, where the oscidium accompanies or immedi-

ately precedes the Uromyces.
No. 1073. Calyptospora Gceppertiana Kuhn. Although known

for some time in the Western States on Vaccinium ovalifoUum, the

species has not frequently been found in the East. I have already
called attention to its occurrence on Vaccinium corymhosnm near

Boston, where it is rare, but it is common in the White Mountain



80 PROCEEDINGS OP THE AMERICAN ACADEMY

region on V. Vitis-IJcea, and also less frequently on V. Canadense

and V. Pennsylvanica. It has recently been found to be common on

V. corymhosum at Hanover, N. H,, on the Connecticut River, where

it has been collected by Professor Jessup.

No. 253. Through an error in my manuscript, the label was origi-

nally printed Puccinia microspora B. & C, instead of P. microsperma
B. & C, which was the name given by Berkeley in Grevillea, De-

cember, 1874. The name P. Lohellce. Gerard, in Bull. Buffalo Soc.

Nat. Sci., June, 1873, has, however, priority.

No. 257: The name which this Pwccira 2a, common on Podophyllum,

should bear, is P. Podophylli Schw. In the Syn. Fung. Car. Sup.,

1822, Schweinitz described an ^cidium Podopl/ylli and a Puccitiia

Podophylli. In 1825, in the Species Plantarum, Vol. VI. Part 2,

Link described a Puccinia aculeata and a P. Podophylli. To the

former he refers Schweinitz's P. Podophylli, and to the latter the

^cidium Podophylli Schw. In 1831, in the Syn. Fung. Am. Bor.,

Schweinitz changed the name of P. Podophylli to P. aculeata, giving

his own name, and not that of Link, as the authority. Original speci-

mens of Schweinitz's ^cidium Podophylli show that it is really an

^cidlum, and not a Puccinia, and the reference in Link is incorrect.

There is no reason why the original name of Schweinitz, P. Podo-

phylli, should not be retained, instead of the later name P. aculeata.

No. 2 GO. Puccinia Epilohii DC. var. Proserpinacce Farlow. I

have found this fungus twice, once at Wood's Iloli in August, and

once in Cambridge in October. The teleutospores germinate at once

in the sorus, even those found as early as August, and the species on

that account would be referred to the subgenus Leptopuccinia, to

which the pulvinate sori and closely packed spores also point. But

the presence of a uredo is not supposed to occur in Leptopuccinia, and

in the j^resent species there is a well-mai'ked uredo. Evidently, the

reference of the species to P. Epilohii as a variety is incorrect, as a

carefid examination of the teleutospores shows that they are larger

and of a different shape from those of P. Epilohii. It should be com-

pared with no. lOGO, P. (Enotherm Vize, from California, to which it

is very closely related, and with which it may be identical, although I

should not wish to speak with certainty on the latter point without

examining a larger set of specimens than I have seen. I give a

description of the Massachusetts plant for comparison with the Cali-

fornian plant, without meaning to imply that I consider the two clearly

distinct.

Puccinia Proserpinac^ (forma P. Epilohii Vize ?).
Sori round,
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scattered, soon becoming naked. Uredo spores yellowish brown, oval,

echiniilate, 20-2G.5/X in diameter, average 22-23/x,. Teleutospores

brown, densely packed and germinating in the sorus, short-stalked,

clavate, contracted somewhat at the septum, apex rather acute, with

thickened cell wall, 38-o3/x X 17-21//.

Differs from P. Epilohii DC. in its distinctly longer, clavate teleu-

tospores.

No. 1029. This common Puccinia on Panicum capillare and

apparently other species of grasses, both in the Eastern and Western

States, is certainly the P. emaculata of Schweinitz, Syn. Fung. Am.

Bor,, no. 2912, of which I have examined an original specimen. It

has been called P. Graminis var. brevicarpa by Peck in his Twenty-
fiftli Report, where, however, it is stated that it is possibly P. emaculata.

It seems to me to differ from P. Graminis both in the uredo and

teleutospores, and I add a descrii^tion to furnish details not given by
Schweinitz. Whether it cannot be referred to some older name than

that of Schweinitz is a question I am unable to answer. It is found

in some herbaria under the name of P. Caricis, a species to which it

has. superficially, a greater resemblance than to P. Graminis.

Puccinia emaculata Schw. Sori at first small and oblong, soon

becoming confluent and linear, naked, uredo spores brownish, nearly

globose, echinulate, 18-21^ in diameter. Teleutospores dark brown,
on stout stalks, mixed with subclavate paraphyses, oval or elliptical,

obtuse or somewhat contracted at the base, apex obtuse and thickened.

In this connection it may be remarked that Puccinia Ellisiana

Thm., in Torr. Bull., Vol. VI. p. 215, and Myc. Univ., no. 1336, does

not differ f\ )m P. Andropogi Schw. Syn. Fung. Am. Bor., no. 2911,

published in 1831. I have examined an original Schweinitzian speci-

men and compared it with Myc. Univ., no. 1336.

No. 1031. Puccinia Veratri Tinhj . Although the identity of this

species offers no special difficulty, writers differ with regard to the

authority. Niessl, who mentioned the species in 1859 in the Verb.

Zool. Bot. Ges., is usually quoted as the author, but Duby in Bot.

Gall., Vol. II. p. 890, published in 1830, described a P. Veratri, under

which he quoted Uredo Veratri DC. I have French specimens

bearing the date 1843, labelled P. Veratri Duby, which corresponds
in all respects to the No. 1031 of Ellis's Fungi, and, as I have no

reason whatever to doubt the authenticity of the specimens, I have

adopted the name of Duby. Uredo Veratri DC. is considered by
writers to be a Uromyces, and it may be that it was erroneously con-

nected by Duby with his P. Veratri; but it seems to me that the

VOL. XVIII. (n. s. X.) 6
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P. Veratri Duby is a genuine Puccinia, and as such antedates the

name of Niessl. The present species was described as P. Veratri

Clinton in tlie Twenty-seventh Report N. Y. State Mus.

Nos. 1047 and 1048. As far as my experience goes, the uredo

spores of P. Prunorum Lk. are much less common near Cambridge
than the teleutospores, but in the Southern States they are common.

No. 1034. Puccinia curtipes Howe. This species has been sup-

posed to be distinct from P. Saxifrages Schlect. in having rather

smaller teleutospores, which are covered with spiral strias. In the

specimen in Schweiz. Krypt., no. 711, which is named P. Saxifrages

Schlect., and quoted as such by Winter in Rabenhorst's Kryptogamen-

flora, the spores are distinctly striate, and the measurements are

practically the same as in P. curtipes. Assuming, as we must, that

the specimen in Schweiz. Krypt. is really P. Saxifragce, I do not see

how it is possible to keep P. curtipes distinct. No. 1049, on TiareUa

cordifoUa, certainly is not P. Saxifi agce, nor is it the same as the

specimen in Herb. Curtis, no. 6146, which is described under the

name of P. Tiarellce. B. & C. in Grevillea, Vol. III. p. 53. On this

account the name P. spreta Pk. was adopted.

No. 1051. Puccinia vexans Farlow. A curious and perplexing

species. This is not strictly, as the label would imply, a new species,

for it has already been described by Peck under the name of Uromy-
ces Brandegei in Bot. Gaz., Vol. IV. p. 127. It has been collected in

several different localities in the Western States, but is a Puccinia

rather than a Uromyces. It cannot, however, be called P. Brande-

gei (Pk.) because there is already another species of that name

on CorydaUs. I have received specimens from Mr. Brandegee, the

original discoverer, and from several other botanists, and find that

some of the sori contain two-celled spores, others only one-celled

spores, and in other sori both kinds are intimately mixed. The two-

celled spores are oval, obtuse at both ends, smooth or somewhat

roughened in the upper part, and measure from 30-38^ X 19-24/a.

The one-celled spores are dark brown, like the two-celled, obovate,

distinctly papillate or roughened in the upper part, and of about the

same dimensions as the two-celled, perhaps a trifle smaller. A species

in which some of the sori contain only two-celled spores must certainly

be held to be a Puccinia, and the perplexing question arises, Are the

one-celled spores a unilocular form of teleutospores similar to what is

known in P. Cesatii Schr.,or are they the uredo spores of this species?

I have not been able to find any other spores which represent the

uredo of the species ; and never having seen the unicellular spores in
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germination, there is, so far as we yet know, no reason why they may
not be the uredo spores. On the other hand, their general appear-

ance and the density of the cell wall would lead one to suppose that

they were of a teleutosporic nature. Further conjecture is unneces-

sary, because, as the species is not at all rare in some localities, botan-

ists who can examine the fungus on the spot ought to be able to

ascertain whether the one-celled bodies produce promycelia or not, or

else to discover the true uredo of the species. Although a Uromyces
and a Paccinia may grow in close proximity to one another on the

same leaf, I presume that almost no one would maintain that a

Uromyces and a Puccinia could grow together in the same sorus, and

assume tliat, in the present instance, we have to do with a distinct

Uromyces and a distinct Puccinia.

No. 1052. Puccinia Lantanoe Farlow. As far as I can ascertain,

an undescribed form, although it may prove to be the same as some

tropical form which has escaped my notice. It is very common in

Bermuda on Lantana odoruta L. in January and February. It is

infested by the parasite Tuhercularia persicina Ditm., which gives a

purple appearance to the sori in some of the specimens distributed.

Puccinia Lantana Farlow. Sori round, naked, soon jDulvinate,

collected in irregular groups. Uredo unknown. Teleutospores ger-

minating in the sorus, purple brown, slender-stalked, thin-walled, some

two-celled, ovate, obtuse, slightly constricted at the septum, apex
blunt or sliglitly mucronate, 26-38/a long by 19-26/x broad; mixed

with oue-celled, obovate, or irregularly elliptic spores, 23-27/a long by
15.5-20/A broad.

On leaves of Lantana odorata L. Bermuda.

The species is of interest in connection with P. vexans, as both

species have in the same sori both one- and two-celled spores. In

P. Lantanee, however, the one-celled bodies are evidently teleuto-

spores, as they produce promycelia while still attached, as may be

seen in no. 1052.

Nos. 296-300. The generic names of these species should be cor-

rected, although, with the exception of 299 and 300, the species are

not new. 296. Ascomyces Tosquinetii and Taphrina aurea are both

common, and the generic names are those adopted by Magnus in

Hedwigia, September, 1874. The form of the last-named species,

which occurs on the leaves of Populus, is unknown to me in Massa-

chusetts.

No. 300. Exoascus flaws Farlow should not be confounded with

Exoascus Betidce Fuckel, although both occur on Betida alba. The
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latter is eight-spored, but the former is polysporic, not to mention

other differences. Ex. flaviis forms circumscribed yellow spots on the

leaves during the month of June. The asci are borne between the

cuticle and the epidermis, the cells of which become somewhat de-

pressed as the fungus develops. The asci are very obtuse, often being

nearly rectangular when seen in section, and they are very densely

packed together. The mycelium, which is not easily seen except in

thin stained sections, extends between the cuticle and epidermis, and,

making its way between the cells of the latter, winds amongst the sub-

epidermal parenchyma, but does not extend through the central part
of the leaf. In sections, one sees the base of the asci abruptly drawn

out into a short process, which is wedged in between the epidermal
cells connecting with the mycelium below. It will be seen that the

species occupies a position between the genus Taphrina,Si?, represented

by T. aurea, where the asci are polysporic and end in rootlike ex-

tremities which jiass down between the epidermal cells, and the

genus Exoascus, as represented by Ex. Prani, where the asci are

eight-spored and the mycelium is found throughout the leaves. Our

species, however, is more nearly related to Taphrina, and the name
should be changed to Taphrina jlava.

Taphrina flava Farlow. Mycelium between the cells of the

outer part of the leaves. Asci on both sides of the leaves, between

the cuticle and epidermis, densely packed, obtuse or truncate at both

extremities, 38-57/x long by 20-23/a broad. Spores very numerous,

bacterioid, hyaline, 3-7/a long by 1.5-2/x broad.

Forming bright yellow spots on leaves of Betula alba. Newton,

Mass., June.

No. 298. I am unable to distinguish this form on Primus serotina

from the larger form on cultivated plums. An Exoascus, which is

apparently the same as Ex. Wiesneri Eathay, is not unfrequently

found with No. 298. It produces swellings and curling of the

leaves, and enlargements of the younger twigs, recalling the deformi-

ties produced on peach leaves by Ascomyces deformans. The form

of Prunus leaves which, as I have said, is j^robably Ex. Wiesneri (^Ex.

deformans f. Cerasi Fuckel), is common with us, but the distortions

are not as marked as those figured by Rathay. The specific determi-

nation of the forms on leaves of Rosacece is difficult, and in No. 299

is a form on Potentilla Canadensis which was distributed under the

name of Ex. deformans var. Potentillce. The form is very common in

Eastern Massachusetts, and is found during the whole summer, but

especially in the latter part of June and July. It first appears as
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pale yellow spots on the leaves, which soon thicken and swell, becom-

ing convex above and concave below, the color changing from yellow
to a dark purple. The asci are clavate, 30-38

fj. long by about 6-8/x,

broad, and contain eight round or ovate spores 3-4/x in diameter.

There is still another related species, if not a variety of Ux. deformans

itself, which grows on Hhus copalUna in Eastern Massachusetts. The
leaves attacked become very much wrinkled and curled, and have a

lurid purple color. The asci are somewhat stouter than in the form

on Potentilla, being 24-30/^ long by 11-15/a broad, and the spores are

spherical and measure 3.5-4,5/i,. If I am not mistaken, a similar form

on an African Rhus has been reported by Magnus, but I am unable

to refer to his description.
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YIII.

CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF
HARVARD COLLEGE.

RESEARCHES ON THE SUBSTITUTED BENZYL COM-
POUNDS.

TWELFTH PAPER.

CERTAIN PARABROMBENZYL COMPOUNDS.

By C. Loring Jackson and G. T. Hartshokn.

Presented April 11th, 1883.

In a previous paper of this series a number of paraclilorbenzyl com-

pounds containing sulphur were described ;
in the following paper we

have the honor of laying before the Academy a description of the

corresponding compounds made from the parabrombeuzylbromide.*

ParabrombenzylsvJpho-acid, CgH^BrCHgSOgH.

The potassium salt of this substance was made by heating para-

brombenzylbromide with an aqueous solution of neutral potassic sul-

phite in a flask with a return-cooler until the odor of the bromide

disappeared. It was purified by crystallization from water, and dried

first in vacuo, and afterwards at 110°, which showed that it contained

no water of crystallization.

0.2230 g. of the substance gave, according to Carius, 0.1454 g. of

argentic bromide.

0.2624 g. gave 0.1724 g. of argentic bromide, and 0.2140 g. of

baric sulphate.

0.2224 g., after evaporation with sulphuric acid, gave 0.0688 g. of

potassic sulphate.

Calculated for CTHeBrSOaK. Found.

Bromine 27.67 27.75 27.96

Sulphur 11.07 11.20

Potassium 13.50 13.89

* The results obtained will be found in tabular form at the end of the article.
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It crystallizes in narrow plates, which not infrequently reach a

length of over one centimeter, and are characterized by a well-marked

cleavaire at riijht angles to their lonojer axis. On one occasion rhom-

bic forms similar to those of the sodium salt of the parachlorbenzyl-

sulpho-acid were observed. It is not freely soluble in cold water or

alcohol, but its solubility in each of these solvents is much increased

by heat. The solubility in water at 18° was determined as fol-

lows :
—

I. 3.2760 g. of the saturated solution gave 0.2016 g. of the salt.

II. 2.7104 g. gave 0.1689 g. of the salt.

Percentage of CgH^BrCHgSOgK in aqueous solution saturated at

18°:—
T. II.

6.15 6.25

To make the other salts of the sulpho-acid, the crude potassium salt

was treated with a small quantity of plumbic acetate, to free it from

bromide and sulphite ; and, after filtering from the precipitate thus

formed, the lead salt was thrown down by adding an excess of plumbic

acetate, and purified by crystallization from water. It was then sus-

pended in water, and treated with sulphuretted hydrogen to convert

it into the free acid, which was used in the preparation of the following

salts.

The Calcium Salt (CgH^BrCH2S0„)oCa, made by warming the acid

with calcic carbonate, and purified by crystallization from water, was

free from water of crystallization.

0.4472 g. of the salt dried at 110° gave 0.1096 g. of calcic sulphate.

0.2870 g. gave 0.0715 g. of calcic sulphate.

Calculated for (CjHoBrSOjjjCa. Found.

Calcium 7.41 7.21 7.33

The salt crystallizes in long colorless plates, and is freely soluble in

water.

The Barium Salt (CgH^BrCH2S03)2BaH20 was made from the

acid with baric carbonate, and purified by crystallization from water,

0.4300 g. of the salt dried in vacuo lost, when heated to 110°,

0.0124 g. of water.

0.4396 g. lost 0.0123 g. of water.

Calculated for (C7lI„BrS03)2BaH20. Found.

Water 2.75 2.88 2.80
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0.1630 g. of dried salt gave 0.0592 g. of baric sulphate.

0.3625 g. gave 0.1314 g. of baric sulphate.

Calculated for (C,HoBrS03)2Ba. Found.

Barium 21.50 21.35 21.31

It crystallizes in stellate groups of white needles, and is slightly

deliquescent. Its solubility in water was determined as follows:—
I. 4.0670 g. of the solution saturated at 18° gave 0.1649 g. of the

salt.

II. 4.1510 g. gave 0.1679 g. of the salt.

Percentage of (C(;H^BrCH2S03)2Ba in aqueous solution saturated

atl8°:—
1. II.

40.55 40.46

The Lead Salt (C6H^BrCH2S03)„Pb, made and purified as already

described, was free from water of crystallization.

0.3144 g. of the salt dried at 110° gave on combustion 0.2709 g. of

carbonic dioxide, and 0.0481 g. of water.

0.2988 g. of the salt gave 0.1297 g. of plumbic sulphate.

Carbon
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standing, and was purified by crystallization from ether or ligroine. It

was dried in vacuo and analyzed.

0.24G0 g. of substance gave, by the method of Carius, 0.3000 g. of

the mixture of argentic chloride and argentic bromide, and 0.2028 g.

of baric sulphate.
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Parabromhenzylsulphone, {C^fivCYi^.^Oc^, was made from the sul-

phide by dissolving it iu glacial acetic acid, and adding the calculated

amount of chromic anhydride also dissolved in glacial acetic acid.

After the action had ceased, the substance was precipitated with water,

and purified by crystallization from alcohol. It was analyzed after

drying at 100°.

0.1674 g. of substance gave by the method of Carius 0.1556 g. of

argentic bromide and 0.0991 g. of baric sulphate.
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ble residue was purified by crystallization from boiling alcohol, and

dried at 100°.

0.2G23 g. of substance gave on precipitation with sulphuretted

hydrogen 0.1016 g. of mercuric sulphide.

Calculated for (CjHoBrSJjHg. Found.

Mercury 33.11 33.38

It crystallizes from boiling alcohol as a light white feathery mass

with a pearly lustre. It does not melt, but is decomposed and black-

ened at a high temperature, is essentially insoluble in water, very

slightly soluble in cold alcohol, benzol, or glacial acetic acid, freely
soluble in hot alcohol (the solution becomes nearly solid on cooling)
and benzol, less so in hot glacial acetic acid, but freely in ether and

carbonic disulphide.

Parahrombenzyldisulphide, (CgH^BrCH2)2S2.

This substance was made from the mercaptan by exposure to the

air, and also by acting on the parabrombenzylbromide with an alco-

holic solution of sodic disulphide ; the product precipitated with water

was purified by crystallization from alcohol, and dried in vacuo.

0.1600 g. of the substance gave by the method of Carius 0,1487 g.

of argentic bromide and 0.1838 g. of baric sulphate.

Bromine

Sulphur

It crystallizes in radiating groups of white needles, and has a not

unpleasant aromatic smell; melting-point, 87°- 88°. It is essentially
insoluble in water, slightly soluble in cold alcohol, and almost insolu-

ble in cold glacial acetic acid, but freely soluble in both these solvents

when hot, and in ether, benzol, and carbonic disulphide.

The following table gives the formulas and melting-points of the

substances described in this paper.

N^ame. Formula.

Parabrombenzylsulpho-acid
Potassium Salt* CeH^BrCH^SOgK
Calcium Salt

(C6H,BrCH2S03)2Ca

* The solution saturated at 18° contains 6.20 per cent of the salt.

Calculated for (CTHoBrjjSj.
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Name.

Barium Salt*

Lead Salt t

Chloride

Parabrombenzylsulphide

Parabrombenzylsulphone

Parabrombenzj'lmercaptan

Parabrorubenzylmercaptid

Parabrombenzyldisulphide

* The solution saturated at 18° contains 40.50 per cent of the salt,

t The solution saturated at 18° contains 2.00 per cent of the salt.

Formula.
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IX.

CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF
HARVARD COLLEGE.

A NEW METHOD OF PREPARING BORNEOL FROM
CAMPHOR.

By C. Loring Jacksox and A. E. Menke.

Presented June 13th, 1883.

The natural borneol (Borneo camphor), obtained from the Dryobala-

nops Camphora, is brought from the East so rarely that specimens of

it can be obtained in this country or in Europe only with the great-

est difficulty ; most chemists, who have studied this substance, have

confined their attention therefore to the borneol obtained from ordi-

nary camphor, which has been proved to be identical* with the natu-

ral product.

So far as we can find, there are but two methods of making borneol

from camphor,
— one by the action of potassic hydrate, which is due

to Berthelotjt the other that of Baubigny,| consisting in treating

camphor witli sodium, and separating the sodium camphor from the

sodium borneol by carbonic dioxide. Both leave much to be desired,

since the product of the first is a mixture of camphor and borneol,

which must be purified by treatment with stearic acid, and according
to Kachler § the yield is very small, while the second yields pure

borneol, it is true, but theoretically only one half of the camphor can

be converted into borneol, although an amount of sodium is required
which corresponds to the whole weight of camphor used.

In the course of some experiments on camphor, which led to no

result so far as their main object was concerned, it was necessary for

* Kacliler. Wien Acad. Ber. (2 Abth.), 78, July.

t Ann. Chim. Phys., ser. 3, Ivi. p. 78.

X Ibid., ser. 4, xix. p. 22L

§ Ann. Chem. Pharin., clxiv. p. 75.



Calculated for CioHjgO.
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of the crude borneol, instead of 10.1 g.,
— that is, 91 per cent of the

theory ; whereas, according to Baubigny's method, 4 g. of sodium, the

amount which yielded 9.5 g. of borneol in our process, would have

given only 0.6 g.

Our method, therefore, is superior to the other two in economy, as

well as in the ease and speed with which it can be conducted.
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X.

CONTRIBUTIONS TO AMERICAN BOTANY.

By Sereno Watson.

Presented May 29th, 1883.

1. List of Plants from Southwestern Texas and Northern Mexico^

collected chiefly by Dr. E. Palmer in 1879-80.— 11. Gamopetala
to Acotyledones.

[Continued from Vol. XVII., page SGI.]

Viburnum prunifolium, Linn. Kendall or Wilson County,

Texas (387).

Viburnum membranaceum, Benth. & Hook. Caracol Mount-

ains, Coahuila (388).

Sympiioricarpus microphyllus, HBK. a pubescent form,

from the Sierra Maclre, south of Saltillo (2118), and wholly glabrous,

from Lerios in the high mountains east of that city (390) ; 296 Parry
& Palmer.

LoNiCERA albiflora, Torr. & Gray. In the Sierra Madre, south

of Saltillo (389).

LoNiCERA pilosa, Willd. Sparingly collected in the same region ;

mountains near San Luis Potosi (733 Schaffner) ; Guanajuato

(Duges) ; 297 Parry & Palmer. The calyx-limb is usually glandu-

lar-hispid and the corolla villous. Dugcs' specimen is glabrous

throughout and probably rejiresents L. tuhulosa, Benth. All have

the interior of the corolla-tube villous. L. Moginiana, DC, is doubt-

less L. involucrata, Banks.

Cephalanthus occidentalts, Linn. At Uvalde, Texas (391).

BouvARDiA ANGUSTIFOLIA, HBK. (?)
In the mountains east of

Saltillo (391). Apparently the same as 47, 316 and 650 of Gregg's

collection, 236 Wright (referred to B. hirtella), and Eaton & Ed-

ward's specimens from near Monterey (referred to B. triphylla). The

specimens collected in Arizona by AVright (1116, in part), Rothrock

(479), Lemmon (167), and Pringle (distributed as B. Jacquini)^ may
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be the same, but are somewhat more glabrous, the leaves broader, and

the corolla more elongated. The species of this genus are very poorly

defined and greatly need revision.

BouvARDiA TRiPHYLLA, Salisb. At Solcdad, Coahuila (2091), a

form with the acuminate lanceolate leaves in fours. Nearly the same

as 940 Thurber, from Souora, and specimens collected by Graham at

Tlalpujahua, and probably DeCandolle's B. qiiaternifoUa. A single

specimen with leaves in threes was found in the Caracol Mountains,

having the corolla-lobes unusually long (2 lines or more).

BouvARDiA HYPOLEUCA, Benth. In sandy localities near Morales,

San Luis Potosi (712 SchafFner) ; 298 Parry & Palmer.

Oldenlandia ovata. Annual, low, weak and slender, diffusely

branching : leaves ovate to ovate-lanceolate, more or less abruptly

contracted into a narrow petiole, acute, glabrous or slightly pubescent,

2 to 5 lines long : pedicels axillary and terminal, 2 to 6 lines long :

calyx-lobes broad; corolla 1 to 1^ lines long: capsule hemispherical,

rounded at base, not exceeding the calyx-teeth : seeds numerous,

angled.
— At Guajuco, Nuevo Leon (399) ; 200 Ervendberg, and 676^

Parry & Palmer. Differing from 0. microtheca in its foliage and

laxer habit, its smaller flowers not paniculate, the broader and ob-

tuser calyx-teeth, and more numerous, smaller and less flattened

seeds.

HousTONiA ANGUSTIFOLIA, Michx. A tall diffusely branched

form from Georgetown, Texas (396), and from Monterey, Nuevo

Leon (2116). 614 Schaffner, from the San Miguelito Mountains, is

a low form with rather broad leaves.— Var. scabra, from the Cara-

col Mountains (410), is somewhat scabrous, and the short corolla is

hirsute in bud toward the apex ; capsules large.

HousTONiA LONGiPES. Annual, slender, diffusely branched,

glabrous, the stems nearly terete : leaves revolute-filiforra, 3 to 6 lines

long: flowers on slender elongated pedicels (3 to 12 lines long):

calyx a line long or less, with narrow lobes ; corolla 3 lines long, with

very slender tube and broad limb pubescent within : capsule short, not

exceeding the calyx, round-ovate, very abruptly contracted at base,

few- (about 10-) seeded. — From the mountains northeast of Mon-

clova, Coahuila (394), and from Monterey, Nuevo Leon (395), and

collected also by Dr. Gregg at Cerralbo. It has the habit of H. asper-

uloides, but the capsule is very different.

HousTONiA Palmeri, Gray in Proc. Amer. Acad. 17. 202. At

Lerios (397) and in the mountains east of Saltillo (2117), and in the

Sierra Madre, south of Saltillo (398).
VOL. xviii. (n. s. X.) 7



98 PROCEEDINGS OF THE AMERICAN ACADEMY

HousTONiA ACEROSA, Gray, 1. c, 203. {Hedyotls acerosa^ Gray.
Mallostoma acerosa, Ilemsl.) In the Caracol Mountaius, at Soledad

(401), and at Juraz, Coaliuila (402). Also a form with broader

leaves, and more conspicuous stipules uniting their bases, from the

Sierra Madre, south of Saltillo (400), and from the mountains east-

ward (403) ; 302 Parry & Palmer.

HousTONiA FASCiCULATA, Gray, 1. c. In the mountains northeast

of Monclova (404), and at Saltillo, Coaliuila (406).

Basanacantha (?) RETICULATA. A low stout unarmed shrub,

the leaves and younger branches densely covered with a short spread-

ing pubescence : leaves ovate to oblong-ovate or oblanceolate, obtuse

or acutish, petiolate, 1 to 3 inches long, i^rominently reticulate-veined

beneath ; stipules submembranous, broadly triangular-lanceolate :

flowers dioecious, glabrous, the staminate nearly sessile in short axil-

lary corymbs, the pistillate solitary, terminal on short branchlets :

staminate calyx very short (LV lines long), the linear teeth exceed-

ing the campanulate tube ; corolla white, 6 to 9 lines long, the nar-

row tube exceeding the lobes ; stamens 5, very short in the glabrous

throat; style of the abortive ovary equalling the tube, 2-cleft: corolla

of fertile flower unknown ; the globose ovary crowned by the five

persistent lanceolate calyx-teetli ; fruit 9 lines in diameter, 2-celled,

the numerous horizontal seeds immersed in the pulpy placentae.
— At

San Lorenzo de Laguna, Coaliuila (393). A peculiar species, proba-

bly to be referred to this genus, which however is scarcely distinct

from Randia.

Randia Xalapensis, Mart. &. Gal. At Guajuco, Nuevo Leon

(158).

DiODTA TERES, "Walt. At Sutherland Springs, Texas (409).

DiODiA PROSTRATA, Swartz, var. longiseta, DC. In San Luis

Potosi Valley (10o6 Schaflfner, in part), and in the Morales Mount-

ains (839 Schaffner) ;
303 and 304 Parry & Palmer. Probably

distinct from the West Indian form.

DiODiA TRICOCCA, Torr. & Gray. At Sutherland Springs, Texas

(408), and at Corpus Christi, near the beach (1186) ; also at Monte-

rey, Nuevo Leon (1187).

DiODiA tetracocca, Hemsl. Diag. PI. Nov. 2. 32, and Bot. Biol.

Centr.-Amer. 2. 56, t. 40, fig.
10-15. In San Luis Potosi Valley

(1056 Schaffner, in part), and in the San Miguelito Mountains (838

Schaffner).

Mitracarpium BREViFLORUiw, Gray. In San Luis Potosi Val-

ley (1035 Schaff"ner) ;
305 Parry & Palmer.
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Spermacoce podocephala, Benth. At Corpus Christ!, Texas

(470), and at San Luis Potosi (836 and 1057 Schaffuer) ; 307

Parry & Palmer, and 100 Bourgeau, the latter referred by Hemsley
to aS'. verticillata, which is a stouter woody-based species, with the

flowers in close verticils as well as in terminal heads.

Spermacoce subulata, Pav. At San Luis Potosi (837 Schaff-

ner) ;
231 ^ and 30G Parry & Palmer.

RiCHARDSONiA SCABRA, St. Hil. At Lamar, on Copano Bay,
Texas (407).

Galium proliferum, Gray. Guajuco, Nuevo Leon (411).

Galium uncinulatum, DC. At Guajuco, Nuevo Leon (412),

and near Morales, San Luis Potosi (840 SchafFner, and 179 of his

previous collection), and the same as Botteri's Orizaba specimens
under several numbers (188, 945, and 1174 in Herb. Gray). The stem

is often nearly glabrous throughout.
— Var. obstipum. (G. obsiipum,

Schlecht.) More pubescent throughout. From Lerios (413), the

Caracol Mountains (414), and Saltillo. This form is also common
in Texas. 886 Ghiesbreght, referred to the Peruvian G. canescens,

is the same.

Galium Mexicanum, HBK. Near Guanajuato (Duges). G.

leucotrichum, Hemsl., appears to be identical with G. hypadenium,
Schauer.

Galium Aschenbornii, Schauer. In the San Miguelito Mount-

ains, San Luis Potosi (841 SchafFner).

Galium microphyllum, Gray. At Soledad (415) and at Lerios,

Coahuila, and near Morales, San Luis Potosi (492* Schaffner) ; 309

and 310 Parry & Palmer.

Galium polyplocum. {Relhunium polyplocum, Hemsl, Diag. Pi.

Nov. 3. 53, and Bot. Biol. Centr.-Amer. 2. 63.) Near Morales, San
Luis Potosi (842 Schaffuer) ; 308 Parry & Palmer.

Phyllactis pratensis, Benth. & Hook. At Morelia, Guana-

juato (Duges) ; popularly known as "
Ucuares," and the tuberous

root a favorite article of food.

Valeriana Tolucana, DC. In the Sierra Madre, south of Sal-

tillo C416) ; 312 Parry & Palmer.

Valeriana sorbifolia, HBK. About San Luis Potosi (107

Schaffner), and Guanajuato (Duges) ; 311 and 1071 Parry «fe Palmer.

2133 Seemann, from the Sierra Madre, is the same.
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The following determinations of the Compositce of Dr. Palmer's

collection are by Dr. Gray. For his descriptions of the new species,

and for other notes, reference is made to a subsequent article in this

volume.

Vernonia Lindheimeri, Gray. At Uvalde, Texas (421).
Vernonia Ervendbekgii, Gray, Proc. Amer. Acad. 17. 203.

At Soledad, Coahuila (750).

Vernonia altissima, Nutt., var. grandiflora, Gray. At Suth-

erland Springs, Texas (751).

Vernonia angustifolia, Michx., var. Texana, Torn & Gray.
In Western Texas (752).

Vernonia Greggii, Gray, var. Palmeri, Gray, 1. c. 204. At

Lerios, Coahuila (753).

Vernonia Schaffneri, Gray, 1. c. Mountains near Morales, San

Luis Potosi (347 Schaffner).

Ageratdm corymbosum, Zucc. At Saltillo (428), and a variety

at Monclova, Coahuila (427).

Stevia salicifolia, Cav. In Coahuila (431) ; 321 Parry &
Palmer.

Stevia Berlandieri, Gray. At Guajuco, Nuevo Leon (432).

Stevia Eupatoria, Willd. (Including aS. purpurea^ Lag.) At

Lerios, Coahuila (433, 433").

Stevia paniculata, Lag. At Parras, Coahuila (439).

Eupatorium serotinum, Michx. At Sutherland Springs, Texas

(423), and in Mexico (424).

Eupatorium betonicum, Hemsl. At Monclova, Coahuila (425).
Eupatorium c^elestinum, Linn. At Georgetown, Texas (426).
Eupatorium incarnatum, Walt, In the Caracol Mountains, Coa-

huila (429).

Eupatorium dissectum. Gray. In the Sierra Madre, south of

Saltillo (430).

Eupatorium azureum, DC. At Guajuco (434), and Monterey,
Nuevo Leon (437, 438) ;

341 Parry & Palmer. The Monterey spe-

cimens, like those of Gregg's early collection (52), exactly match

1380 Berlandier, upon which E. azureum was founded. Upon Ber-

landier's ticket in herb. DC. *' flores azurei
"

is written, hence the

specific name. But Gregg noted the flowers as "
purplish," and

Palmer (upon the Guajuco specimen, which is evidently a form of the

same) as "
creamy white."

Eupatorium altissimum, Linn. At Lamar, on Copano Bay,
Texas (435).
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Edpatorium petiolaue, M05. At Monterey, Nuevo Leon (440).

EuPATORiUM (Phaneuostylis) Coahuilensis, Gray, Proc. Am.
Acad. 17. 205. In the Sierra Madre, south of Saltillo (453).

EuPATORiUM (Hebeclinium) ? Mexico, locality Uncertain

(2080).

EuPATORiUM ? An uncertain ageratoid species. At Saltillo,

Coahuila (436).

INIiKANiA SCANDENS, Willd. In Southwestern Texas (441).

Brickellia odontophylla, Gray, I. c. 206. In the Sierra

Madre, south of Saltillo (442),

Brickellia cylindracea, Gray, var. laxa, Gray, 1. c., 207.

At Georgetown (446), and a more branched form at BlufFton, Texas

(445).

Brickellia Riddellii, Gray. At Georgetown (448), and Uvalde,

Texas (449).

Brickellia laciniata, Gray. In the mountains east of Saltillo,

Coahuila (450).

Brickellia Coulteri, Gray. With entire leaves. At Parras,

Coahuila (451).

Brickellia Palmeri, Gray, probably. Mexico, locality uncer-

tain (2079).

Barroettea subuligera, Gray, Proc. Am. Acad. 15. 29, and 17.

205. At Soledad, Coahuila (452).

Kdhnia eupatorioides, Linn. At San Antonio and other locali-

ties in "Western Texas (444, 447), and a broad-leaved form (443).

KuHNiA ROSMARiNiFOLiA, Veut. At several localities in Western

Texas and Coahuila (454, 455, 456, 457).

LiATRis PUNCTATA, Hook. In the Caracol Mountains (418), at

Monclova (419), and Juraz, Coahuila (420) ; 1085 Parry & Palmer.

Gyjinosperma corymbosdm, DC. At various localities in West-
ern Texas and Mexico (458, 459, 461, 464, 465).

Gutierrezia microcephala. Gray. At San Lorenzo de Laguna
(460), and at Saltillo, Coahuila (463).

Gutierrezia Texana, Torr. & Gray. At San Antonio, Texas

(462, 466).

Grindelia Arizonica, Gray, 1. c. 208. In Coahuila (467).
Grindelia squarrosa, Dun. (?) At Sutherland Springs, Texas

(468). Too immature for determination; perhaps G. lanceolata,
Nutt.

Grindelia inuloides, Willd. At Lerios, Coahuila (471). Also
var. microcephala, Gray, in Southwestern Texas (469, 2078).
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Geindelia costata, Gray, I. c. 208. In Mexico (472).

Heterotheca Lamarckii, DC. {H. scabra, DC.) At Laredo, on

the Rio Grande, Texas (491), and at Monterey, Nuevo Leon (481).

Heterotheca Chrysopsidis, DC. (?) At Saltillo, Coahuila

(492).

Chrysopsis villosa, Nutt., var. canescens, Gray. In "Western

Texas (482), and a form also from Lerios, Coahuila (480).

Chrysopsis pilosa, Nutt. Southwestern Texas (2077).

Xanthisma Texanum, DC. In Western Texas (746, 747).

Aplopappus rubiginosus, Torr. & Gray, var, {A. phylloceph-

alus, DC.) At Corpus Christi, Texas (473).

Aplopappus spinulosus, DC. At Monterey, Nuevo Leon (474),

and Soledad, Coahuila (477).

Aplopappus divaricatus, Gray. From several localities in

Southwestern Texas (475, 476, 478, 479).

BiGELOViA veneta, Gray. At Parras, Coahuila (483) ; 375

Parry & Palmer.

Bigelovia Drummondii, Gray, var. (?) At Guadalupe, Texas

(486), and at Soledad, Coahuila (485). The specimens may belong

to B. Wrightii, Gray.
Bigelovia coronopifolia, Gray. At Eagle Pass, Texas (487).

SoLiDAGO Canadensis, Linn., var. canescens, Gray. At San

Antonio, Texas (488).

SoLiDAGO NEMORALis, Ait. Southwestern Texas (2076). Also

var. INCANA, Gray. In the Sierra Madre, south of Saltillo (489) ; a

rigid form.

SoLiDAGO VELUTiNA, DC. At Parras, Coahuila (490).

Aphanostephus humilis, Gray. Between the Frio and Nueces

Rivers, Texas (494), and at Monclova, Coahuila (529) ; 378 Parry
& Palmer.

Aphanostephus Arkansanus, Gray. At Sutherland Springs

(497), and at Bluffton, Texas (523). Also var. Hallii, Gray; at

Corpus Christi, Texas (502).

Aphanostephus ramosissimus, DC. In Southwestern Texas

(521), and at Juraz, Coahuila (532).

TowNSENDiA Mexicana, Gray. At Saltillo, Coahuila (499).

Ch^topappa (Distasis) modesta. Gray. At various localities

in Mexico (500, 503 to 508).

Psilactis brevilingulata, Schultz Bip. In the Sierra Madre,

south of Saltillo (515, 528).

DiCHiETOPHORA CAMPESTRis, Gray. At Monterey (501).
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Aster eric^folius, Rothr. lu the Sierra Madre, south of Sal-

tillo (484). A very slender form.

Aster phyllolepis, Gray. Western Texas (498).

Aster (Orthomeris) Palmeri, Gray, Proc. Am. Acad. 17. 209.

At Corpus Christi (509), and at Eagle Pass, Texas (516).

Aster multiflorus, Ait. In Western Texas (517), and in Mex-

ico (2075). Also a variety (A. hebec/adtis, DC.) at Uvalde (518).

Aster divaricatus, Nutt. At Sutherland Springs, Texas (519,

520, 522), and a large-leaved form at Saltillo, Coahuila (526).

Aster Drumjiondii, Lindl. In Western Texas (524, 525).

Aster tanacetifolius, HBK. Locality uncertain (527).

Erigeron dryophyllus, Gray, 1. c. 210. At Guajuco, Nuevo

Leon (495).

Erigeron Palmeri, Gray. A hirsute form, at Saltillo (496),

and Lerios, Coahuila.

Erigeron pubescens, HBK. In Mexico (530, 531, 2074).

Erigeron Canadensis, Linn. (E. strictus, DC.) In Western

Texas (2073).

CoNYZA SUBDECURRENS, DC. At Mouclova (534), and in the

mountains north of that place (533).

Baccharis Texana, Torr. & Gray. In Southwestern Texas

(510,511,535, 536).

Baccharis pteronioides, DC. {B. ramulosa, Gray.) In Mex-

ico (513, 514).

Baccharis Bigelovii, Gray. In the Caracol Mountains, Coa-

huila (537).

Baccharis angustifolia, Michx. In Western Texas (538), and

at Parras (541, 542).

Baccharis glutinosa, Pers. (J5, Alamani, etc., DC.) At La-

redo, Texas (539), and at Parras, Coahuila (540).

Pluchea cahphorata, DC. At Sutherland Springs, Texas

(543), and in the mountains north of Monclova (544).

Pluchea odorata, Cass. At Monterey, Nuevo Leon (545).

Pluchea subdecurrens, DC, var. canescens, Gray. Same

locality (546).

Pterocaulon virgatum, DC. At Sutherland Springs, Texas

(422).

EvAX multicaulis, DC. Between the Frio and Nueces Rivers,

Texas (1146), and at Juraz, Coahuila (547).

Gnaphalium Sprengelii, Hook. & Arn. At San Lorenzo de La-

guna, Coahuila (548, 552).
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Gnaphalium Wrightii, Gray, 1. c. 214. West of San Antonio,

Texas (549).

Gnaphalium decurrens, Ives. At Uvalde, Texas (550).

Gnaphalium oxyphyllum, DC. In the Sierra Madre, south of

Saltillo (551) ; 417 Parry & Palmer.

Gnaphalium semiamplexicaule, DC. In the Caracol Mount-

ains, Coahuila (553).

Gnaphaliuji purpurascens, DC. {G. Sckraderi, DC, probably.

G. roseum, HBK. ?) In Coahuila (2071), and San Luis Potosi (223

Schaffuer) ; 415 and 417|^ Parry & Palmer.

Gnaphalium purpureum, Linn. In Mexico (2072).

Gnaphalium pannosum. Gray ; new sp. San Luis Potosi (227

Scbaffner) ; 420 Parry & Palmer.

Dicranocarpus parviflorus, Gray. At Monclova (641).

Melampodium cinereum, DC. In Southwestern Texas (555,

558).
— Var. ramosissimum. Gray. (M. ramosissimum, DC.) At

Laredo, on the Rio Grande (651), and other Texan localities (556,

557).
— Var. argophyllum, Gray. In Mexico (2068).

SiLPHiUM asperrimum, Hook. At Georgetown, Texas (599).

Berlandiera tomentosa, Torr. & Gray, var. dealbata, Gray.
In Western Texas (561).

Engelmannia pinnatifida, Torr. & Gray. In Mexico (562).

Parthenium incanum, HBK. (P. ramosissimum, DC.) At

several localities in Mexico (563, 564,565),

Parthenium argentatum. Gray. In Mexico (566, 646).
Parthenium lyratum, Gray, ined. In Mexico (647).

Parthenium confertum. Gray, Proc. Am. Acad. 17. 216. At

Parras, Coahuila (648) ; 86 Gregg.
IvA ANGUSTIFOLIA, Nutt. In Western Texas (567).

IvA ambrosi^folia, Gray. In Mexico (573, 574).

IVA dealbata. Gray. At Soledad (737), and Monclova (738).

Hymenoclea monogyra, Gray. In Western Texas (568).

Ambrosia artemisi^folia, Linn. In Mexico (569).

Ambrosia psilostachya, DC. In Mexico (570).

Ambrosia aptera, DC. In Western Texas (571).

Franseria tenutfolia. Gray. In Western Texas (572, 574).

Zinnia pauciflora, Linn. In Western Texas (574''% 575).

Zinnia juniperifolia. Gray. In the Sierra Madre, south of

Saltillo (576). With leaves, heads, and rays larger than in Gregg's

specimens, much larger than in the poor specimens of Berlandier.

Zinnia acerosa. Gray. In Coahuila (577, 578).
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Zinnia anomala, Gray. Sierra Madre, south of Saltillo (581).

Sanvitalia angustifolia, Engelm. At Parras (591), and a form

with the chaff of the receptacle more cuspidate, at Saltillo (588).

Heliopsis parvifolia, Gray, a cinereous form. In the moun-

tains east of Saltillo (586).

EcLiPTA ALBA, Hassk. {E. erecta and E. prostrate, Linn.) In

Western Texas (582).

Zaluzania triloba, Pers. At Parras, Coahuila (592).

Zaluzania megacephala, Schultz Bip. (?) But quite different

from Z. angusta, and the rays inclined to be sterile. Pubescence of

inflorescence and lower surface of the upper leaves aurate, as noted by

Palmer. In the Sierra Madre, south of Saltillo (734).

Varilla Mextcana, Gray. At Parras, Coahuila (680).

Varilla Texana, Gray. At Eagle Pass, Texas (739).

Gymnolojiia tenuifolia, Benth. & Hook. At Parras and other

Mexican localities (620, 621, 622, 623).

Sclerocarpus uniserialis, Benth. & Hook. In Western Texas

(593, 594, 595), and Mexico (596).

Tetragonotheca Texana, Engelm. & Gray. In Western Texas

(583), at Soledad (2065), and mountains north of Monclova (559).

Tetragonotheca Ludoviciana, Gray, var. repanda, Gray.

West of San Antonio, Texas (560, 609).

BoRRiCHiA frutescens, DC. In Western Texas (587).

Zexhenia brevifolia, Gray. At Eagle Pass, Texas (624), and

at Soledad, Coahuila (625).

Zexmenia hispid a, Gray. (Z. Texana, Gray.) In Western Texas

(630), and at Soledad (631).

Lepachys peddncularis, Torr. & Gray. Western Texas (718).

A small form.

Lepachys columnaris, Torr. & Gray. Western Texas (719).

Also var. pulcherrima, Torr. & Gray, in Texas (720, 2085), and

Mexico, a small and slender form (717).

ViGuiERA HELiANTHOiDES, HBK., var. ( V. loxa, DC. V. Tex-

ana, Torr. & Gray.) Western Texas (603, 604), and in Mexico, a

narrow-leaved form (614). The last is V. hrevipes, DC.

YiGUiERA CAXESCENS, DC. At San Lorenzo de Laguna, Coa-

huila (618).

ViGUiERA LINEARIS, Scbultz Bip. (Leigfiia linearis, DC) In

Mexico (626).

Helianthus annuus, Linn. (H. lenticularis, Dougl.) In Mex-

ico (600), and a depauperate form (2070).
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Helianthus Maximiliani, Schrad. Localities uncertain (602,

20G6).

Helianthus laciniatus, Gray. At Parras (605), San Lorenzo

de Laguna (606), and Saltillo, Coahuila (607).

Helianthus debilis, Nutt., var. cucumerifolius, Gray. "West-

ern Texas (608).

Helianthus ciliaris, DC, var. With linear leaves. At Juraz,

Coahuila (616).

Flourensia cernua, DC. In Mexico (740).

Encelia Mexicana, Mart. In the Sierra Madre, south of Sal-

tillo (493) ; 471 Parry & Palmer.

Encelia calva, Gx-ay. At Blufifton (610), San Antonio (611),

and Eagle Pass, Texas (613).

Encelia subaristata. Gray. At Guadalupe, Texas (612), and

in the Caracol Mountains, Coahuila (615).

Encelia microphylla. Gray. In Mexico (589).

Helianthella Mexicana, Gray. In the Sierra Madre, south

of Saltillo (601) ; a broader-leaved and more hispid form than the

original specimens from San Luis Potosi. Collected also long ago by

Gregg in the same district.

Verbesina Coahuilensis, Gray ; new sp. In the mountains east

of Saltillo, Coahuila (584, 619).

Verbesina Wrightii, Gray, var. In the Sierra Madre, south of

Saltillo (585, 597), and at Parras, Coahuila (598).

Verbesina encelioides, Benth. & Hook. In Western Texas

(617), and in Coahuila (2063, 2064).

Verbesina stricta, Gray. {Actinomeris stricta, Hemsl. Bot.

Biol. Centr.-Amer. 2. 186.) In the Sierra Madre, south of Saltillo

(627), and at Lerios (628).

Verbesina Virginica, Linn. At San Antonio (731), and Gua-

dalupe, Texas (732). Also var. Palmeri, Gray, at Soledad, Coa-

huila (733).

Stnedrella vialis, Gray, Proc. Am. Acad. 17. 217. (Cali/ptro-

carpus vialis, Less. Oligogyne Tampicana, DC. Blainvillea hiaris-

tata, DC.) In Western Texas (2069), and Mexico (590) ; 443 Parry
&, Palmer.

Coreopsis cardaminefolia, DC. At Corpus Christi, Texas

(635).
Thelesperma filifolium, Gray. In Western Texas (636).

Thelesperma subsimplicifolium. Gray. At Sutherland Springs,

Texas (637), and in the Siei-ra Madre, south of Saltillo (638).
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Thelesperma gracile, Torr. & Gray. At Saltillo (639), and

Parras, Coahuila (2061"'^).

BiDENS CHRYSANTHEMOiDES, Michx. At Uvalde, Texas (G33).

BiDENS HETEROPHYLLA, Oi't. At Parras, Coahuila (634).

Galinsoga parviflora, Cav. At the same locality (652) ; a

variety without pappus iu the ray.

Tridax procumbens, Linn. In Mexico (629, 2061).

RiDDELLiA ARACHNOiDEA, Gray. In Mexico, localities uncertain

(678, 679, 2082).

Hymenopappus flavescens, Gray. In the Sierra Madre, south

of Saltillo (650).

Hymenopappus artemisi^folius, DC. At Uvalde (2081).

Bahia absinthiifolia, Benth. In Coahuila and Nuevo Leon, a

narrow-leaved form, answering to the original (674), and a slightly

broader-leaved form (672, 673). Also var. dealbata. Gray, from

near Monclova.

Florestina Tripteris, DC. In Western Texas (653), and Coa-

huila (654).

PoLYPTERis TexANA, Gray. {Palafoxia Texana, DC.) In West-

ern Texas (642, 644, 2060), and at Soledad, Coahuila (645).

PoLYPTERis HooKERiANA, Gray. {Palofoxia Hookeriana, Torr.

& Gray.) In Western Texas (655).

PoLYPTERis CALLOSA, Gray. [Palafoxia callosa, Torr. & Gray.)

At Bluffton, Texas (656).

Palafoxia linearis. Lag. At Monclova, Coahuila (643). Ap-

parently an annual-rooted form.

Sartwellia Mexicana, Gray; new sp. At Monclova and San

Lorenzo de Laguna, Coahuila (683, 687).

Flaveria longifolia, Gray. ( Gymnosperma (?) oppositifoUum,

DC.) At Parras, Coahuila (681, 685); 498 Parry & Palmer. The

specimens with smaller heads come very near F. linearis, Lag., of the

coast of Cuba, the Bahamas, and Florida.

Flaveria chlor.efolia, Gray. At Juraz and Parras, Coahuila

(682, 2083).

Flaveria angustifolia, Pers. At San Lorenzo de Laguna,
Coahuila (684). A low and narrow-leaved variety.

Flaveria (Broteroa) repanda. Lag. Near Parras (686).

Sometimes confounded with F. Contrayerha.

PoROPHYLLUM FiLiFOLiUM, Gray ; new sp. In the Sierra Madre,
south of Saltillo (688). The specimens may be found mixed with a

little Thelesperma suhsimplicifolium.
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PoROPHYLLUM AMPLEXiCAULE, Engelm. At Parras and Soledad,

Coahuila (689).

PoROPHYLLUM SCOPARTUM, Gray. (P. Greggii, Gray, in part.)

At Parras, Saltillo, and Monterey (690 to 694).

PoROPHYLLUM MACROCEPHALUM, DC. At Soledad (704).

NicoLLETiA Edwardsii, Gray. At Monclova, Coahuila.

Dysodia pubescens, Lag. In the Sierra Madre, south of Saltillo

(579, 580).

Dysodia chrysanthemoides, Lag. At Saltillo (695).

Hymenatherum pentach^tum, DC. {H. Bei-landleri, DC.)
Various forms. In "Western Texas (697), and in Coahuila and Nuevo

Leon (696, 698, 2084).

Hymenatherum Wrightii, Gray. At Sutherland Springs (699),

and Corpus Christi, Texas (700).

Hymenatherum gnaphaliopsis, Gray. At Monterey, Nuevo
Leon (707).

Hymenatherum (Aciphyll^a) acerosum, Gray. At Parras

(709), and Saltillo (710) ; the latter with an unusual appearance,

having rather long primary leaves, and hardly any in axillary fasci-

cles.

Tagetes lucida, Cav. In Coahuila (705, 706).

CiiRYSACTiNiA Mexicana, Gray. In the Sierra Madre, south of

Saltillo (708, 711).

Pectis prostrata, Cav. At Monclova (640).

Pectis angustifolia, Torr. At Saltillo and Monclova, Coahuila

(701, 702).

Helenium tenuifolium, Nutt. At Sutherland Springs, Texas

(712).
— Also var. badium. Gray, veith purplish-brown instead of

yellow disk. At Bluffton, Texas (716). First distributed in Hall's

Texan collection (364), and recently collected by Reverchon, in South-

western Texas, with most of the lower leaves pinnately parted.

Helenium elegans, DC. {H. microcephalum, var. bicolor, Torr.

& Gray.) A form with rays all yellow. At Sutherland Springs,

Texas (713). On full comparison this proves to be sufficiently distinct

from If. micrncephalum. It has rather smaller and more globose heads

and a more hemispherical receptacle, as well as a shorter pappus.

Helenium amphibolum, Gray. At Parras (714). 523 Parry &
Palmer has been wrongly referred to this species. One of our speci-

mens is H. Mexicanum, HBK., the other is H. ooclinium.

Helenium ooclinium, Gray. At Monclova (715). 346 Schaff-

ner, from San Luis Potosi, appears to be the same; but if so the
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character of the receptacle fails, for in this it is hemispherical, instead

of ovate.

IIelenium microcephalum, DC. At Bluffton, Texas (735).

Depauperate specimens, but answering to 1429 Berlaudier.

Amblyolepis setigera, DC. At Monterey, Nuevo Leon (724).
Gaillardia comosa, Gray; new sp. At Saltillo (721).

Gaillardia pulchella, Foug. At Monterey, (722). And var.

PICTA, Gray ;
at Corpus Christi, Texas (729).

Gaillardia pinnatifida, Torr. At Parras (723). The long
villi of the akene are in this species, as in G. comosa and G. simplex,

inserted over the vphole surface.

Gaillardia Mexicana, Gray ; new sp. In the Sierra Madre,
south of Saltillo (725), and at Lerios, Coahuila, a dwarf subcaulescent

form (726).

Gaillardia simplex, Scheele. (Agassizia suavis, Gray &
Engelm.) At Saltillo and Monclova (727, 728, 2086).

Gaillardia lanceolata, Michx. A depauperate slender form.

At Sutherland Springs, Texas (730).

AcTiNELLA (Platylema) Palmeri, Gray; 7iew sp. At Saltillo

(554).

Actinella insignis. Gray; new sp. At Lerios, Coahuila (632).

AcTiNELLA SCAPOSA, Nutt. At Monterey, Nuevo Leon. Also

var. LINEARIS, Nutt., in Western Texas and Coahuila (657, 658,

659).

Actinella linearifolia, Torr. & Gray. In Coahuila and

Nuevo Leon (670, 671, 677).

Actinella odorata. Gray. At Laredo, Texas (742), and in

Coahuila (741).

Baileya multiradiata, Gray. (B. pliiriradiata, Gray.) In

Coahuila (675, 676).

Artemisia Mexicana, AVilld. At Soledad, Coahuila (736). A
loosely paniculate form.

Haploesthes Greggii, Gray. In the mountains east of Saltillo

(649).

Senecio salignus, DC. At Parras, Coahuila, and in Nuevo

Leon (743, 744) ; the last a slender form, the same as 1367 Berlau-

dier, on which is founded ^S'. axillaris, Klatt, in Abhandl. Nat.

Gesell. Halle, 15. 13.

Senecio lobatus, Pers. At Monclova (754). A slender depau-

perate form, the same as 1741 Berlandier, on which Klatt, 1. c,

founded his S. imparipinnatus.
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Senecio Sanguisorba, DC. At Lerios, Coahuila (755).
Senecio Madrensis, Gray ;

neiv sp. la the Sierra Madre, south

of Saltillo (756).

Senecio Toluccanus, DC. In the same locality ; a single speci-

men of a broad-leaved form, answering to one collected by Schaffner

and so named by Schultz Bip.

Cnicus altissimus, Pursh, var. filipendulus, Gray (?) At
Parras (765).

Centaurea Americana, Nutt. At Saltillo (766).

GoCHNATiA hypoleuca, Gray. (Moquinia hypoleuca, DC) At

Laredo, on the Rio Grande (749), and at Parras, Coahuila (748).

Chaptalia nutans, Hemsl. In Mexico (764).

Perezia Wrightii, Gray. (P. Coulteri, Gray, in part.) At Par-

ras (767), and in the mountains north of Monclova, Coahuila (768).
Perezia runcinata, Lag. At Uvalde, Texas (769).

Trixis angdstifolia, DC. At Parras (745) and Soledad, Coa-

huila (2089); verging nearly to var. latiuscula. Gray.
Rhagadiolus hedypnoides, All, At Corpus Chrlsti, Texas

(2087). A waif.

HiERACiUM CREPIDISPERMUM, Fries. In the Sierra Madre, south

of Saltillo (758).

HiERACiuM Mexicanum, Less., var. niveopappum, Gray. In

the same locality (757); 552 and 553 Parry & Palmer.

Taraxacum officinale, Vill. In the mountains east of Saltillo,

at Monterey (761), and at San Luis Potosi (382 Schaffner).

Pyropappus multicaulis, DC. At Saltillo, Coahuila (759), and

a stouter more robust form at Monterey (760).

PiNAROPAPPUS roseus, Less. In the mountains south of Saltillo,

at Monterey (762), and at San Luis Potosi (390 Scliaffner).

Lygodesmia grandiflora, Torr. & Gray. At Sutherland

Springs, Texas (763).

Lobelia laxiflora, HBK., var. angustifolia, DC. In the

mountains about San Luis Potosi (738 Schaffner), and at Guanajuato

(Duges) ; 560 Parry & Palmer.

Lobelia splendens, Humb. & Bonpl. At San Antonio (774)

and Sutherland Springs, Texas (2090).
— Var. fulgens. {L.fulgens,

Humb. & Bonpl.) The pubescent form, rather rarer and more

restricted in its range. At Monterey (773).
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Lobelia fenestralis, Cav. In the San Miguelito Mountains,

San Luis Potosi, with larger flowers than usual (764 Schaffner), and

at Guanajuato (Duges) ; 558 Parry & Palmer.

Lobelia grujna, Cav. Near Morales, San Luis Potosi (763

Schaffner) ;
559 Parry & Palmer.

Lobelia Cliffortiana, Linn., var. brachtpoda, Gray, At

Monterey (772) ; the same as 419 and 1429 Wright, referred to L.

Berlandieri. Also a low slender form with white flowers, from the

same region (771). This si:)ecies appears to be always glabrous.

Lobelia Berlandieri, DC. At Monterey (770), at San Luis

Potosi (119 SchafFuer), and at Morales (737 Schaffner); 556 and

556^ Parry & Palmer. The same was collected also by Gregg at

Monterey, and by Berlandier (3177) at Matamoros, and it is probably
the same as Berlandier's 106 from Tampico, the original of the

species. Puberulent and more or less hirsute toward the base with

reflexed hairs, the stems low and lax, and the pedicels elongated.

Heterotoma lobelioides, Zucc. Mountains near Santa Maria

del Rio, San Luis Potosi (736 Schaffner).

Campanula rotundifolia, Linn. At Lerios, in the high mount-

ains east of Saltillo (776).

Arbutus Xalapensis, HBK. (?) In the Sierra Madre, south of

Saltillo (777), and at Lerios (778) ; 314 of Schaffner's previous distri-

bution. The very young leaves are densely pubescent, becoming nearly

glabrous and beneath somewhat glaucous. The young ovary is usu-

ally pubescent. A. Texana, Buckley (referred to A. 3fenziesn), is

the same. A. prunifoUa, Klotsch, is doubtless the same species, and

probably also A. prunifoUa, Lindl. It agrees more nearly, perhaps,
with the description of A. mollis, HBK., than with that of A. Xala-

pensis, and is apparently identical with the plant formerly cultivated

as A. mollis and figured in Bot. Mag. t. 4595. 562 Parry & Palmer,
and 98 Schaffner from the San Miguelito Mountains, are very similar

to this, but the leaves are mostly quite glabrous, as also the ovaries.

A. Menziesii, Pursh, with larger wholly glabrous and very rarely
serrulate leaves, and with the ovary always glabrous, appears to be

confined to California and Oregon.

Arbutus glandulosa, Mart. & Gal. In the San Rafael Mount-
ains (99 Schaffner) ; 563 Parry & Palmer.

Arctostaphylos pungens, HBK. In the Sierra Madre, south of

Saltillo (779), at Lerios (780), and at Guanajuato (Duges), where it

is known as "Pinguica" and employed as a diuretic; bQb Parry &.

Palmer.
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Plumbago scandens, Linn. At Guajuco, Nuevo Leon (2106) ;

240^ Parry & Palmer.

Plumbago pulciiella, Boiss. Near San Luis Potosi (727

SchafFner), and at Guanajuato (Duges) where it is known as " Tiri-

cua
"

;
240 Parry & Palmer, referred to the last species.

Anagallis arvensis, Linn. At Saltillo (782), and about San

Luis Potosi (141 SchafFner).

Centunculus minimus, Linn. Near Morales, San Luis Potosi

(124 Schaffner) ; oG9^ Parry & Palmer.

Samolus ebracteatus, HBK. At Sutherland Springs, Texas

(781) ; a low form with very broadly spatulate leaves and small white

flowers. Also at Parras (783), a variety with large purple flowers.

569 Parry & Palmer is a very peculiar variety, with acutely oblanceo-

late and very narrowly petiolate leaves, and long acuminate calyx-

teeth.

BuMELiA spinosa, DC. At Uvalde, Texas (156), and at Saltillo,

Coahuila (786). Agreeing satisfactorily with the figure of Mo(;ino &
Sesse, and differing from £. lanuginosa in its more spinose branches,

smaller leaves, and in the mottled seed slightly more narrowed at base.

It extends into Arizona, where it has been collected by Lemmon and

Pringle (distributed as B. paucijlora, Engelm.). A more canescent

form, from Parras (787), with shorter pedicels and less pubescent

calyx, is probably the same.

DiosPYROS Texana, Scheele. From Uvalde, Texas (789), and

Guajuco, Nuevo Leon (784) ; also staminate specimens fi-ora near

Laredo, Texas (788).

Menodora heterophylla, Moric. At San Antonio (790) and

Sutherland Springs, Texas (791).

Menodora Coulteri, Gray. Locality not given; 300^ Parry &
Palmer. 571 Parry & Palmer, referred to this sjiecies, is a dwarf

small-flowered form of M. helianthemoides (570 Parry & Palmer), or

closely allied to it, and the same as 44 Gregg.

Menodora longiflora, Gray. In the mountains north of Mon-

clova (792) ; both the usual glabrous form and a pubescent variety,

the M. pubens, Gray. The two forms were also distributed by Wright
under the same number (1695). At Juraz, Coahuila, specimens were

collected with unusually short corollas, not exceeding an inch in length

(794).

Menodora scabra, Gray. At Juraz, on the Sabinas River, Coa-

huila (793).

Menodora scoparia, Engelm. Probably the same locality (795).
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Fkaxinus cuspidata, Torr. In the mountains east of Saltillo

(79G).

FuAxiNus piSTACLEFOLiA, Torr, At Parras, Coahuila (797),

with nearly the typical foliage though quite variable even in the same

specimen. Other specimens from the same locality (798) have the

leaves narrowly lanceolate, long-acuminate, attenuate at base, and

coarsely serrate.

Fraxixus viridis, Michx., var. Berlandierana, Gray. At

Monterey, Nuevo Leon; at San Luis Potosi (900 Schaffner) ;
572

Parry & Palmer.

FoRESTiERA ANGUSTIFOLIA, Torr. With leaves varying in form

and size; at Uvalde (801), Eagle Pass (802), Corpus Christi Bay

(803), and near Laredo, Texas (804), and at Monterey, Nuevo Leon

(799, 800).

Thevetia Yccotli, DC, var. glabra, DC. At Guanajuato

(Duges) ; popularly known as "
Frayle."

Apocyxum cannabinum, Linn. In the Caracol Mountains, Coa-

huila (80G) ; referred to A. androscemifulium.

EcHiTES (EuECHiTEs) CouLTERi. Low (about a foot high),

finely pubescent or becoming nearly glabrous : leaves oblong-lanceo-

late, narrow at base and rarely slightly cordate, acute, 1 to 1^ inches

long, on very short petioles : inflorescence glabrous ; peduncles shorter

than the leaves, 2-7-flowered ; bracts and calyx-lobes linear-subulate,

acuminate, the latter nearly half the length of the corolla-tube and

recurved ; corolla 8 to 10 lines long, the lobes about equalling the

cylindrical tube, which is pubescent within : anthers lanceolate, acumi-

nate, cordate at base : follicles glabrous, 2 to 4 inches long, torulose,

the seeds solitary or in pairs at the (2 to 4) nodes and comose at the

summit.— In the Sierra Madre, south of Saltillo (805); 987 Coul-

ter.

Plumiera ? A fruiting specimen of what is cultivated at

Monterey as the " Cow Tree." Follicles G to 9 inches long by an inch

wide or more ; leaves narrow.

Macrosipiioxia Berlandieri, Gray. In the mountains on the

west side of Saltillo (807), as well as at Monclova and in the mount-

ains north of it. Flowers cream-white and fragrant ; popularly

known as " Flor de San Juan."

Macrostphoxia hypoledca, Muell. At Guanajuato (Duges),
with the same popular name ; 574 Parry & Palmer.

Philibertia cynanchoides, Benth. & Hook. At Laredo, on

the Rio Grande (821).
VOL. XVIII. (n. S. X.) 8
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PniLIBERTIA LINEARIS, Benlll. & Ilook., Var. HETEROniYLLA,

Gray. At Parras, Coaliuila (822).

Philibertia elegans, Benth. & Hook. In tlie San Miguelito

Mountains, San Luis Potosi (649 Schaffner), and at Guanajuato

(Duges) ; 589 Parry & Palmer.

AsCLEPiODORA DECUMBENS, Gray. At Sutherland Springs, Texas

(817), and in the Sierra Madre, south of Saltillo (818). The Mexican

specimen is referred by Fournier (Ann. Sci. Nat. 6. 14. 369) to A.

asperula, Fourn. (Acerates asperula, Decaisne), which it may be,

though it seems to differ in no respect from ordinary A. decumbens.

A. viridls is not certainly known from Mexico, as Andrieux' and

Bourgeau's specimens so named by Ilemsley are referred by Fournier

to Asclepias auriculata.

AsCLKPiODORA ciRCiNALis, Fournier, 1. c. 369. (^Acerates circina-

lis, Decaisne.) At Saltillo (815) ; in fruit only and in every way

resembling Asclepias bracltystephana, Engelm., but in the glabrous

leaves and the umbels sessile in the upper axils. Fournier describes

the follicles as 3 inches long, but in these specimens they do not

exceed half of that, as in A. hrachystephana.

Acerates viridiflora. Ell. Sparingly collected at Sutherland

Springs, Texas, and in the Caracol Mountains, Coahuila.

Asclepias verticillata, Linn. At Parras, Coahuila (809, in

part), and at San Luis Potosi (Schaffner) : 584 Parry & Palmer. —
Also var. subverticillata, Gray, at Guadalupe (810) and Suther-

land Springs (2093), and at Parras with the typical form (809).

Asclepias Linaria, Cav. At Lerios, Coahuila (811), and at

Guanajuato (Duges), where it is known as " Venenillo
"

;
585 Parry

& Palmer.

Asclepias perennis, Walter, var. parvula, Gray. At Suther-

land Springs, Texas (2092), and in the Caracol Mountains, Coahuila

(812). The Mexican specimens are referred by both Flemsley and

Fournier to A. nivea, Linn., which has greener flowers, with longer

hooils, and the horns not exserted.

Asclepias brachystephana, Engelm. At Parras (813), and in

the mountains east of Saltillo (814); 576 Parry &, Palmer.

Asclepias glaucescens, HBK. {A. data, Benth.) In the

Sierra Madre, south of Saltillo (816) ; 579 Parry & Palmer.

Asclepias longicornu, Benth. At Sutherland Springs, Texas

(819, 2094) ; 587 Parry & Palmer.

Asclepias setosa, Benth. At Guanajuato (Duges); popularly

known as " Taraumara."
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Mr.TASTELMA Califoknicum, Benth. In the Caracol Mountains,

Coahuila (828), and near San Luis Potosi (62o Seliaffner, in part).

Metastelma Palmeri. Twining, glabrous or with a pilose line

upon the stem above : leaves linear-lanceolate, acuminate, cuneate or

sometimes rounded at base, shortly petinlate, ^ to 1 inch long :

corymbs nearly sessile, 3-10-flowered, glabrous ; pedicels a line long

or less : calyx-lobes acutish ; corolla thick, white or brownish exter-

nally, over a line long, open-campanulate, the oblong lobes acutish,

pubescent within: crown of five distinct thickish acuminate-subulate

scales, exceedini; the flat stigrma: follicles l.V inches Ion<j.
— At Laredo

on the Rio Grande (824), and about San Luis Potosi (G25 Schaffner,

in part) ; collected also at Chiapas (GG4 Ghiesbreght), and in the

valley of Mexico (027 Bourgeau).

Vincetoxicuji Mexicanum. Stems herbaceous, slender, twining,

2 or 3 feet long, with a hairy line on one side : leaves linear to linear-

lanceolate, acuminate, cuneate or slightly rounded at base, ^ to 1^

.inches long, glabrous or sparingly pubescent, or puberulent beneath :

corymbs somewhat pubescent, sessile or nearly so, 1-10-flowered ;

pedicels a line long or less : calyx-lobes obtusish ; corolla white, § of

a line long, open-campanulate, the rather broad lobes obtusish, gla-

brous : crown of five thin ovate-oblong obtusish scales, distinct or

nearly so, somewhat exceeding the flat stigma : follicles 2 to 2^ inches

long.
— In the Sierra Madre, south of Saltillo (823), and near San

Luis Potosi (G52 Schaffner, in part) ; 575 Parry & Palmer; Orizaba

(342 and 984 Botteri). This may be the same as Metastelma angusti-

foliwn, Turcz.

RouLiNiA unifaria, Engelm. At San Antonio, Texas (827).

RouLiNiA Palmeri. With the habit, foliage, pubescence and

fruit of the last : peduncle shorter than the petiole, the corymbose
raceme 3-G-flowered ; pedicels unequal, 3 to 6 lines long : flowers

larger, the linear calyx-lobes 1 1 to 2 lines long ; corolla 2 lines long,

with a short tube, the greenish lobes whiter and somewhat thickened

above: coronal scales united at base, quadrate, about ecjualling the

stigma, obtusely 3-lobed at the summit, or the middle lobe longer and

triangular-cuspidate.
— In the mountains north of Monclova, Coa-

huila (829). Referred by Hemsley to the last, from which it differs

chiefly in the characters of the flowers.

GoNOLOBus PARViFLORUS, Gray. At Laredo on the Rio Grande

(820).

GoNOLOBUs RETTCULATus, Engelm. At San Antonio, Texas

(825), and at Soledad, Coahuila (826).
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GoNOLOUUs piLosus, Bentli. Near Morales, San Luis Potosi

(650 Schaffnei), aud at Guanajuato (Duges), where it is called " Flor

del muerto negra"; 591 Parry & Palmer.

GoNOLOBUS ScHAFFNERi, Gray, lu the mountains near San Luis

Potosi (65.1 Schaffiier).

GoNOLOBUS ERiANTHUS, Decaisne. At Guanajuato (Duges) ;

" Flor del muerto verde."

GoNOLOBUS (?), sp. Somewhat woody, pubescent, the ovate acute

leaves (1 or 2 inches long) cuneate to truncate at base or subcordate ;

in fruit only. In the mountains north of Monclova (830) .

MiTREOLA PETIOLATA, Torr. & Gray. At Sutherland Springs,
Texas (1031).

POLYPREMUM PROCUMBENS, Linn. At Sutherland Springs, Texas

(78), and near Morales, San Luis Potosi (117 Schaffner) ;
59 Parry

& Palmer.

BuDDLEiA MARRUBiiFOLiA, Beuth. At Parras (834), in the

mountains west of Saltillo (1020) and north of Monclova (1019).
" Flowers orange."

BuDDLEiA VERTiciLLATA, HBK. (B. sessUiJlora, HBK.) At

Monterey, Nuevo Leon (835, 965), in the mountains near San Luis

Potosi (632 Schaffner), and at Guanajuato (Duges, who gives the

popular name "TejDOzan"); 594 Parry & Palmer. Described by
Palmer as a large loosely branching bush, with greenish yellow

flowers and a strong rather offensive odor. The larger leaves are

frequently toothed.

BuDDLEiA SCORDIOIDES, HBK. In the high mountains at Lerios

(836), at Parras (837), and in the mountains near San Luis Potosi

(633 Schaffner, in part, under the name "Escobilla") ; 592 and 595

Parry & Palmer. Also var. capitata, with the whorls all contigu-

ous and crowded at the ends of the branches ; with the usual form

(633 Schaffner, in part, as " Yerba de las escolas ").

BuDDLEiA PERFOLiATA, HBK. In the mountains near San Luis

Potosi (634 Schaff'ner) ; 593 and 596 Parry & Palmer.

BuDDLEiA HuJiBOLDTiANA, Roem. & Schult. Variable and doubt-

less including several nominal species. At Saltillo (869), and at San

Luis Potosi (635 Schaffner); 593| and 725 Parry *& Palmer.

Schaffner's specimen, with very large leaves, accords with the descrip-

tion of B. macrophylla, Kunth. B. Americana, Linn. (594^ Parry

«fe Palmer), may be distinguished by the leaves decurrent nearly to

the base of the petiole, and by the longer and more simjsle branchlets

of the panicle.
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Erythr^a calycosa, Buckl. At Parras, Coahuila (838). With

rather small flowers; the same as collected by Gregg between Mapimi
and Guajugiiilla.

Erytiir.ea ? At Guanajuato (Duges). With the compact

cymes of E. tricantha, but with very much smaller seeds. Probably
an uudescribed species, but the specimens are incomplete.

EusTOMA EXALTATUM, Griseb. At Laredo, on the Rio Grande

(840), and at Parrasj Coahuila (8-41).

Gentiana lanceolata, Griseb. At Guanajuato (Duges).

Gentiana spathacea, IIBK. At Guanajuato (Duges), known

as " Yelera"; 599 Parry & Palmer.

Halenia Rothrockii, Gray. In the Sierra Madre, south of Sal-

tillo (839).

Phlox Drummondii, Hook. Near San Antonio, Texas (844).
GiLiA rigidula, Benth. At Parras, Coahuila (843). Also a

smaller-flowered form, glandular-pubescent, with the lobes of the

leaves all very narrow ; at Sutherland Springs, Texas (1185), and at

Soledad (845); 605 Parry & Palmer, nearly the same. — Var. ace-

ROSA, Gray. At Saltillo (842).

GiLiA incisa, Benth. At San Antonio, Texas (846), in the Cara-

col Mountains, Coahuila (2107), at Monterey (847) and at Guajuco,
Nuevo Leon; 601 Parry & Palmer.

GiLiA AGGREGATA, Spreng. In the high mountains at Lerios.

Lceselia cerulea, Don. At Parras, Coahuila (2041), at Mon-

terey, Nuevo Leon (848), and near San Luis Potosi (639 Schaffner) ;

603 Parry & Palmer.

Lceselia coccinea, DC. In the mountains near San Luis Potosi

(638 Schaffiier) ; 604 Parry & Palmer.

Lceselia glandulosa, Don. At Guanajuato (Duges) ; the typi-

cal form.

Lceselia Greggii. Erect, branching below, pubescent: leaves

opposite, the upper sometimes alternate, lanceolate, sessile or nearly

so, fc to 1 inch long, acute, serrate, the teeth awned : floral bracts

broadly ovate or the inner lanceolate, mostly scarious, coarsely serrate

and the teeth setosely tipped, not ciliate, nearly glabrous : calyx-lobes

lanceolate, acuminate, lacerate ; corolla 6 lines long, pink with white

centre. — At Saltillo, Coahuila (1063), and also collected by Dr.

Gregg (360). Allied to L. ciliata, Linn., which appears to include

L. iiivolucrata, Don (702 Parry & Palmer).
Puacelia congesta. Hook. At Monterey, Nuevo Leon (2028),

and a very hispid form from Corpus Christi, Texas (849).
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Phacelia glandulosa, Nutt., var. Neo-Mexicana, Gray. In

the mountains east of Saltillo (850).

Phacelia integrifolia, Torr. At San Lorenzo de Laguna,
Coahuila (851).

WiGANDiA KuNTHii, Choisy. At Guanajuato (Duges). Known
as "

Ortiga graude."

Nama* stenocarpum, Gray. In Coahuila, very common (853,

857). The anomalous cohesion of calyx-tube with ovary and capsule
in this species (of which traces may be detected in some other spe-

cies), which long escaped notice, I have referred to in the account of

this genus contributed to the Botany of the Biologia Centrali-Ameri-

cana, page 361. Our attention was first called to it by Dr. Vasey.
The character "

capsula inferne cum calyce longius adnata
"
in the work

referred to, which belongs to this species, is accidentally appended to

iV! stenopJiyllum.

Nama hispidum, Gray. Different forms, from Sutherland Springs,

Texas (2108), Monclova, Coahuila (860), and Monterey, Nuevo
Leon (854).

Nama dichotomum, Choisy, var. angustifolium, Gray. In the

Sierra Madre, south of Saltillo (855), and in the San Rafiiel Mount-

ains, San Luis Potosi (613 SchafFner). 610 Parry & Palmer is the

typical form.

Nama Palmeri, Gray in Hemsl. Bot. Biol. Centr.-Amer. 2. 361.

At Soledad, Coahuila (856), and at San Luis Potosi, a more canes-

cent form (77 Schaffner) ; 6I5i Parry & Palmer.

Nama undulatum, HBK. At Monclova, Coahuila (858); 607

and 608 Parry & Palmer.

Nama Coulteri, Gray. At San Lorenzo de Laguna, Coahuila

(859). The sepals are scarcely dilated upward ; but this appears to

be the plant of Coulter, and also of Gregg. I had taken Palmer's

plant for a form of the polymorphous N, hispidum.

Nama stenophyllum, Gray, 1. c. [Exclude the last phrase of

the specific character, which was appended by mistake in transcribing.

As the context shows (see line 5 of the same page), this belongs to

N. stenocarpum.^ At San Lorenzo de Laguna, Coahuila (862),

clearly frutescent and evidently a denizen of saline soil. Dr. Havard

has collected the same on the banks of Delaware Creek, near the Rio

Grande, iu Texas. Also a more hirsute and herbaceous form, from

the same region (861).

* The determinations and notes under this genus are contributed by Dk.

Gray.
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Nama serpylloides, Gray, 1. c, 3G3. At Monolova (982).

Nama rupicola, Pavon. At Soledad, Coahuila (2023); 612

Parry & Palmer, in part.
— Var. rotundifolium. Gray, 1. c, 363.

At Monclova, Coahuila (983), and a very soft-villous rounder-leaved

form from Monterey, Nuevo Leon (984).

Nama subpetiolare, Gray, 1. c, 365. Near Monterey, Nuevo

Leon (985).

Nama Jamaicense, Linn. At Monterey (986).

Nama origanifolium, HBK. The specimens which best accord

with Kunth's figure are from San Luis Potosi (732 Schaifner). Some

of 612 Parry & Palmer are the same, while others appear to belong
to i\^. rupicola.

Nama Schaffneri, Gray, 1. c, 361. Near Morales, San Luis

Potosi (194 Schafener) ; 609 Parry & Palmer.

CoRDiA Greggii, Torr. At San Lorenzo de Laguna, Coahuila

(876).

CoRDiA BoissiERi, DC. At Monterey, Nuevo Leon (877), where

it is popularly known as "
Nacaguista

" and a decoction of the bark is

much used for coughs and colds ; 1126 Parry & Palmer.

CoRDiA PODOCEPHALA, Torr. At Soledad, Coahuila (1024).

EiiRETiA ELLIPTICA, DC. (^E. cUiata and E. exasperata, Miers.)

At Corpus Christi, Texas (870), in fruit, and at Monterey, Nuevo

Leon (871), in flower; 591|- Parry &, Palmer. Growing to a height

of 20 or 30 feet, and retaining its leaves and abundant fruit most of

the year ; the pale yellow sweetish berries edible ; flowers cream-

white, very fragrant. The Mexican specimens have been referred to

E. ciliata, Miers, which was founded upon a Texan specimen (665

Lindheimer) and cannot be distinguished from E. elUptica.

CoLDEXiA CANESCENS, DC. At Parras (873) and Monclova,

Coahuila (874, in part), at Monterey, Nuevo Leon (1018), and in the

vSan Miguelito Mountains, San Luis Potosi (631 Schaffner) ; 615

Parry & Palmer. Flowers described as light blue, becoming pink.

CoLDENiA HispiDissiMA, Gray. At Monclova, Coahuila (898).
" Flowers rose-color."

CoLDENiA (Eddta) Mexicana. Perennial, woody at base, pros-

trate, more or less setosely hispid and tomentose : leaves ovate to

broadly lanceolate, more or less abruptly attenuate into a slender

petiole, veinless : flowers sessile, clustered ; sepals narrowly linear ;

corolla 3 lines long, rose-color : nutlets (only two usually maturing)
less finely and closely granulated than in the last, scarcely i line long.— Li the mountains east of Saltillo (872), and at Monclova, Coahuila
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(874, in part) ; 61
6|- Parry & Palmer. Much resembling C. canes-

cens, but with more ovate leaves, and with the fruit and the more

unequally inserted stamens of the section £ddya. The embryo is

straight and the cotyledons entire.

COLDENIA TOMENTOSA. Resembling the last, but of closer habit

and more densely leafy, the thicker ovate-lanceolate leaves densely

tomentose beneath, as well as setosely hispid, more strongly revolute

and mostly with shorter petioles : flowers somewhat larger,
"
purple

"

or "
magenta," with longer filaments and larger anthers : nutlets de-

cidedly larger (§ of a line long) and more coarsely granulated.
— In

the Sierra Madre, south of Saltillo (864).

CoLDENiA Greggii, Gray. At San Lorenzo de Laguna, Coahuila

(865).
" Flowers rose-color."

TouRNEFORTiA CAPiTATA, Mart. «fc Gal. At Guanajuato (Duges) ;

613 Parry «fe Palmer.

TouRNEFORTiA MoKCLOVANA. Perennial, stout, herbaceous, a

foot high, tomentosely pubescent throughout : leaves ovate to oblong-

lanceolate, acute, abruptly cuneate at base, 2 to 4 inches long, on

stout petioles : spikes in pairs or threes, on peduncles nearly equalling

the leaves, ebracteolate : calyx-lobes narrowly linear, 1| lines long;

corolla glabrous, 3 or 4 lines long, the limb as long as the tube, and

throat naked : anthers sessile on the middle of the tube, acute : stigma

conical, sessile : fruit subglobose, pubescent, \\ lines in diameter.—
In the mountains northeast of Monclova, Coahuila (887), Resem-

bling T. hirsutissima, but with more simple inflorescence, glabrous

corolla, etc.

Heliotropium angustifolium, Torr. In the Caracol Mountains

(879), at Soledad (880), and Juraz, in Coahuila (881), and at Monte-

rey, Nuevo Leon (405, 878). Flowers cream-color.

Heliotropium confertifolium, Torr. At Laredo, on the Rio

Grande (875), the typical form; 616 Parry & Palmer. This is

probably the same as H. rupestre, Mart. & Gal., which is an older

name. Also a less silky variety, more diffuse and with the leaves less

crowded, from Monclova (863) and Soledad, Coahuila (890). This

is the H. limbatum of the Botany of the Mexican Boundary, scarcely

diflfering from H. limhatum, Benth., but in the more leafy and scarcely

at all scorpioid inflorescence. Flowers white.

Heliotropium inundatum, Swartz. At San Lorenzo de Laguna,

Coahuila (882), and a low decumbent form in the San Miguelito

Mountains of San Luis Potosi (726 Schaflfner) ; 619 Parry & Palmer.

Also a variety, more canescent and with larger and more hispid fruit
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in closer spikes, from Monterey (885). 522 Coulter and specimens
collected bv Palmer in 18G9 on the Yaqui River, Arizona, are nearly
the same. Flowers yellow or yellowish.

Heliotkopiuii glabriusculum, Torr. At Laredo on the Rio

Grande (884), and in the mountains west of Saltillo, Coahuila (883).
Flowers cream-white.

Heliotropium parviflordm, Linn. At Laredo on the Rio

Grande (886) and in the region west of San Antonio, Texas, and at

Monclova, Coahuila (1021); 617 Parry & Palmer.

Heliotropium Greggii, Torr. At San Lorenzo de Laguna,
Coahuila (888).

Heliotropium convolvulaceum, Gray. In the region west of

San Antonio, Texas (889).

Heliotropium (Euheliotropium) Palmeri, Gray in herb.

Perennial, herbaceous, branching from the base, the slender stems

ascending, strigose-pubescent throughout, a span high : leaves linear,

or linear-oblanceolate on the main stem, nearly sessile, acute or obtus-

ish, 6 to 10 lines long, the margin somewhat revolute : spikes mostly
lateral and simple, ebracteolate, becoming one or two inches long in

fruit, rather few-flowered : calyx-lobes linear, a line long or less ; co-

rolla white, 3 lines long, with a broad spreading limb: nutlets subglo-

bose, pubescent.
— At Soledad, Coahuila (891, 892); very common.

Heliotropium Curassavicum, Linn. About San Luis Potosi

(724 Schaffner).

Omphalodes aliena, Gray; Hemsley, Bot. Biol. Centr.-Amer.

2. 377. At Monterey, Nuevo Leon (893).

Omphalodes cardiophylla, Gray; Hemsley, 1. c. At Saltillo,

Coahuila (894). The relations of these species are hardly clear.

They seem to belong to Paracaryum rather than to Omphalodes^ if

these genera are to be retained as characterized by Bentham &
Hooker, the nutlets being attached nearly their whole length, from

just above the base to the apex, to the erect-pyramidal gynobase.
The thin-membranous character of the flattened nutlets, as well as

the habit, separates them from Echinospermum.
Eritrichium fulvocanescens, Gray. In the Sierra Madre,

south of Saltillo (895).

Eritrichium hispidum, Buckl. At Lerios in the hi^h mountains

east of Saltillo (896, 2046), and in the San Rafael Mountains, San
Luis Potosi (731 Schaffner); 623 Parry & Palmer.

Antiphytum floribundum, Gray. In the San Miguelito Mount-

ains, San Luis Potosi (730 Schaffner).
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Antiphytum Parrti. Perennial (?), low (2 to 4 inches high),

branching from the base, stems ascendiug, canescent with a somewhat

silky and substrigose pubescence: leaves linear-oblanceolate, 2 to 4

lines long; flowers nearly sessile, axillary: calyx-lobes linear, 2 lines

long : nutlets granulate, the sessile triangular-ovate scar with a narrow

slightly raised margin and minute central perforation.
— G18 Parry &

Palmer (with some Heliotropium confertifuUum), collected by Dr.

Parry, in August, 1878, between San Luis Potosi and San Antonio.

LiTHOSPERMUH SPATHULATUM, Mart. &, Gal. In the Sierra

Madre, south of Saltillo (899) ; a low hispid form.

LiTHOSPERMUM Matamorense, DC, At Guajuco (901) and

Monterey, Nuevo Leon (902). Referred by Hemsley to Eritrichium.

LiTHOSPERMUM ANGUSTiFOLiUM, Michx. At Lerios, in the mount-

ains east of Saltillo (900), the small-flowered form, and with nutlets

not punctate. Also a variety with laxer habit, broader leaves, and

larger flowers; in the Caracol Mountains (897), and at Soledad,

Coahuila.

LiTHOSPERMUM STRiCTUM, Lehm. Near San Miguelito, San Luis

Potosi (728 SchafFner) ; G20 and 622 Parry & Palmer.

LiTHOSPERMUM DISTICHUM, Ort. In the San Miguelito Mountains

(729 Schaff'ner); 621 Parry & Palmer.

LiTHOSPERMUM Palmeri. Pereimial, herbaceous, tall and erect

(2 feet high), pubescent with mostly very short strigose hairs : leaves

sessile, ovate-oblong, acute or short-acuminate, 1 to 2 inches long :

flowers axillary, on pedicels 3 to 6 lines long : calyx villous below,

the linear acuminate lobes 6 to 8 lines long ; corolla cream-yellow,

nearly an inch long, tomentose, cylindrical, contracted at the naked

throat, with small rounded spreading lobes : style as long as the

corolla : nutlets not punctate, nor much contracted above the base. —
In the Sierra Madre, south of Saltillo, Coahuila (903). With the

habit of an Onosmodium.

Ipomcea cardiophylla, Gray. At Soledad, Coahuila (904).

The peduncles mostly several-flowered, longer than the petioles.

Ipom(EA Mkxicana, Gray. At Soledad (905).

Ipomcea Lindheimeri, Gray. At Soledad (906).

Ipomcea commutata, Roem. & Schult. At Soledad (907).

Ipomcea sinuata, Ort. At Uvalde, Texas (908).

Ipomcea tkifida, Don, var. Torreyana, Gray. At Bluffton,

Texas (909).

Ipomcea muricata, Cav. In the Sierra Madre, south of Saltillo

(910).
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Ipomcea costf.llata, Torr. In the mountains northeast of Mon-

clova, Coahuila (2095).

Ipomcea stans, Cav. At San Lorenzo de Laguna, Coahuila, at

San Luis Potosi (1050 Schaffner), and at Guanajuato (Duges) ; 627

Parry & Palmer. Duges gives the popular name "
Espantolobos."

Ipoikea heterophylla, Ort. (?) Near Morales, San Luis Potosi

(619 Schaffner). Resembling /, Lindheimeri, but with smaller

flowers ; the same as 389 Gregg.

Ipomcea coccinea, Linn., var. hedep.ifolia, Gray. At San Luis

Potosi (622 Schaffner) ; 625 Parry & Palmer.

Ipomcea versicolor, Meissn. At San Luis Potosi (111 Schaff-

ner), and Guanajuato (Duges), where it is known as " Palmira."

Ipomcea Llaveana, Meissn. At Guanajuato (Duges) ;

" Trom-

petilla."

Ipomcea Schaffneri. Annual, twining, 3 to 5 feet high, sparingly

pubescent with short strigose hairs : leaves thick, round-cordate, with

rounded or slightly angled approximate basal auricles, acute, coarsely

sinuate- toothed, 1 or 2 inches in diameter, exceeding the petioles :

pedicels shorter than the leaves, 1-flowered : calyx-lobes hispid, oblong-

ovate, acute, 4 lines long; corolla 2 inches long, rose-color and white,

funnelform with a rather broad tube, the stamens and style two-thirds

as long : capsule depressed-globose to ovate, 4 lines long, 3-celled. —
In sandy places about San Luis Potosi (621 Schaffner) ; peculiar in

its round-cordate sinuately toothed leaves.

Ipomcea ? In sandy places about San Luis Potosi (620

Schaffner) ; not identified. A slender twining annual, 2 feet high,

glabrous or slightly puberulent : leaves 9 to 18 lines long, broad-cor-

date to narrowly lanceolate, acuminate, often obscurely sinuate, the

short basal lobes rounded or angled ; peduncles about equalling the

petioles and shorter than the leaves, 1-2-flowered : sepals lanceolate

becoming oblong-ovate and obtuse or acute, 2 lines long; corolla 9

lines long, narrowly funnelform, purple above : capsule broadly ovate,

3 lines long, 2-celled.

Convolvulus incanus, Vahl. At Monterey, Nuevo Leon (911),
and about San Luis Potosi (618 Schaffner) ; 629 Parry & Palmer.

EvoLVULUS DISCOLOR, Beuth. At Lerios in the high mountains

east of Saltillo, Coahuila (912), Scarcely more than a very villous

form of the next.

EvoLVULUS SERICEUS, Swartz. At Sutherland Springs, Texas

(913, 914), and near San Luis Potosi (615" Schaffner); 628^ Parry
& Palmer.
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EvoLVULtrs ALsmoTDES, Linn. At Monclova, Coahuila (915),

at Monterey, Nuevo Leon (2096), at San Luis Potosi (615 SchafF-

ner), and at Guanajuato (Duges) ; 628 Parry & Palmer.

DiCHONDRA REPENS, Forst. At Guanajuato (Duges).

DiCHONDRA ARGENTEA, Humb. & Bonpl. About San Luis Potosi

(617 Schaffner), and at Guanajuato (Duges) ; 624 Parry & Palmer.

The popular name is
"
Oreja de raton."

CressA Cretica, Linn. At San Lorenzo de Laguna, Coahuila.

CuscuTA UMBELLATA, HBK. At Laredo on the Rio Grande

(916).

CuscuTA SQUAMATA, Eogelm. At San Lorenzo de Laguna, Coa-.

huila (917, 2098).

CuscuTA ARVENSis, Beyr. At Parras, Coahuila (919). Also var.

VERRUCOSA, Engelm., at San Luis Potosi (780 Schaifner).

CuscuTA PoTOSiNA, Schaffner Ms. Stems capillary : the flowers

minute (scarcely a line long), short-pedicelled in small rather loose

clusters : calyx-lobes triangular, acute, scarcely equalling the deeply

campanulate corolla-tube, which is rather longer than its erect ovate

acute somewhat inflexed and at last connivent lobes : stamens short,

the subglobose anthers nearly as long as the filaments ; scales broad,

deeply fringed, slightly exceeding the tube : capillary styles nearly as

long as the depressed ovary : capsule covered by the marceseent

corolla, extremely thin, easily tearing off from its base but not cir-

cumscissile, 1-seeded.— One of the smallest-flowered sjjecies, closely

allied to C. arvensis, from which the very fragile 1-seeded capsule,

covered by the hood-like corolla, principally distinguishes it. (^Dr. G.

Engelmann.)
— Near San Luis Potosi (779 Schaffner); growing on

some labiate, probably a Scutellaria.*

CuscuTA DECORA, Chois. At Bluffton, Texas (2097).

* Dr. Engelmann furnishes the following description of another new species,

which was distributed in the previous Parry «& Pahner collection :
—

C. MiTR^FOBMis, Engelm. Stems thick : flowers short-pedicelled, crowded

in large glomerules ; calyx-lobes orbicular, unequal, the outer carinate, fully as

long as the short-campanulate corolla-tube ;
lobes of the corolla as long as the

tube, broadly oval, rounded, at last spreading or reflexed . subulate filaments

as long as the hnear-oblong anthers
;
scales very broad, deeply fringed, exsert,

incurved : ovary with very short subulate styles : capsule large, exsert, 2-horned

with the broad spreadnig conical styles, regularly circumscissile.— Between

San Luis Potosi and Tampico, in May ;
Dr. E. Palmer. Flowers 3 lines and

capsule 4 lines long; clusters in fruit 10 to 12 lines thick. Nearly allied to C.

Xalapensis, but distinguished by its much larger flowers and fruit, and by its

short thick almost conical styles.
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CuscuTA TiNCTORiA, Mart. In tlie Caracol Mountains, Coalmila,

on Serjania (918), and in the mountains near San Luis Potosi, on

Schhvis Molle (781 Schaffner) ;
G31 Parry & Palmer (referred to G.

Xalapensis), also on Schinus. The popular name, according to Dr.

Schaffner, is
"

Zacatlas-culi,"
—

evidently the " Zaca-tlascalli
"

of

Karwinski.

CuscuTA ODONTOLEPis, Engclm. At Guanajuato (Duges). Dr.

Eno-elmann recognizes this as referable to C. odontolepis, though with

wider and shorter calyx than in the original specimens, the lobes acu-

minate and often reflexed, the scales much larger, ovate and deeply

fimbriate, and the style shorter,

SoLANUM TRiQUETRUJi, Cav. At San Antonio, Texas (929), and

at Saltillo (930) ; 633^ Parry & Palmer.

SoLANUM ToRREYi, Gray. At San Antonio (2102), Uvalde (932),

and Bluffton, Texas (933).

SoLANUM NIGRU3I, Linn. In various forms, at Lerios and in the

Caracol Mountains, Coahuila, at Monterey, Nuevo Leon (934), and at

Guanajuato (Duges) ;
634 Parry & Palmer. Also with somewhat

angled and spinulose branches, the S. pterocaulon of Dunal, in sandy

places near San Luis Potosi (692 Schaffner), and the var. villosum,

Mill., in the mountains about San Luis Potosi (691 Schaffner).

SoLANUM EL^AGNiFOLiuM, Cav. At Laredo, on the Rio Grande

(2101), at San Lorenzo de Laguna, Coahuila (935, 936), and at San

Luis Potosi (695 Schaffner) ; 636 Parry & Palmer.

SoLANUM TUBEROSUM, Liun. In the Sierra Madre, south of Sal-

tillo (937, 938), and in the mountains near San Luis Potosi (693,

694 Schaffner) ; 632, 633 Parry & Palmer. Schaffner gives the

popular name "
Peyrilla del monte."

SoLANUM HETERODOXUM, Dun. In the mountains northeast of

Monclova (939), and at Parras, Coahuila (940). Also with smaller

flowers and light-colored seeds, at San Luis Potosi (696 Schaffner) ;

634^- Parry & Palmer. The seeds ordinarily are nearly black.

SoLANUM ROSTRATUM, Dun. At San Antonio, Texas (941), at

Saltillo (942), and at Guanajuato (Duges). A form with somewhat

less pubescence occurs near San Luis Potosi (697 Schaffner) ; 635

Parry & Palmer, referred to S. cornutum, Lam., of which there are

no specimens in Herb. Gray,
—

unless, as is probable, S. rostratum

itself is to be considered only as the more pubescent form of it.

Known, according to Duges, as " Mala muger."
SoLANUM Cervantesii, Lag. At San Luis Potosi (690 Schaff-

ner) ; 638 Parry & Palmer.
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SoLANUM TORVUM, Swartz. At Giianajuato (Duges) ; G39|

Parry & Palmer. 637 Parry & Palmer is also referred to this

species.

Physalis lobata, Torr. At Uvalde, Texas (944), and in the

mountains west of Saltillo (943).

Physalis viscosa, Linn., var. spathultEfglia, Gray. At

Lamar on Copano Bay, Texas, near salt water (945). Fruit green-

ish yellow, with a very strong overripe-apple odor.

Physalis ^quata, Jacq. f. At San Lorenzo de Laguna, Coa-

huila (946) ; 640 Parry & Palmer.

Physalis angulata, Linn. At Sutherland Springs, Texas

(947).
Physalis mollis, Nutt, On Corpus Christi Bay, Texas (2103).

— Var. ciNERASCENS, Gray, at Parras, Coahuila (949), at Monterey,

Nuevo Leon (948), at San Luis Potosi (700 Schaffner), and at

Guanajuato (Duges), where it is known as '• Taltomate
"

;
641 and

648 Parry & Palmer. 112 Bourgeau, referred to P. chenopodiifoUa,

Lam., is P. mollis.

Physalis pubescens, Linn. In the mountains northeast of Mon-

clova (2104), and near Morales, San Luis Potosi (701 SchaiFner, in

part) ;
645 Parry & Palmer.

Physalis Philadelphica, Lam. Near Morales, San Luis Potosi

(701 Schaffner, in part). 871 Bourgeau is the same.

Physalis Fendleri, Gray. In the mountains near San Luis

Potos? (698 SchafFner) ; 642 Parry & Palmer.

Physalis ? A low branching perennial, glandular-pubes-

cent, with slender somewhat flexuous stems and small ovate to ovate-

oblong entire or sinuate-toothed leaves (3 to 12 lines long), and

yellow flowers (9 lines broad) on pedicels shorter than the fruiting

calyx.
— In the San Miguelito Mountains, San Luis Potosi (699

Schaffner).

Cham^saracha Coronopus, Gray. Various forms of this very

variable species, including in it C. sordida, Gray. With lanceolate

coarsely toothed leaves, large flowers, and long solitary pedicels
— with

mostly short pubescence, at San Antonio, at Sutherland Springs, and

at Laredo, Texas (920), and in the mountains west of Saltillo (926)

— and more villous, at Monterey, Nuevo Leon (921, 922) ; very floc-

cose-villous, with similar leaves, but small flowers and fascicled pedi-

cels, in the mountains northeast of Monclova (924) ; a common form,

pubescent or sparingly floccose-villous, with narrow pinnatifld leaves

and small flowers, at Parras (2099), at San Lorenzo de Laguna (927,
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928, and 2100 with "pure white" flowers), and at San Luis Potosi

(703 Schaffuer) ;
with ovate leaves, abruptly cuneate at base and

crenately toothed, and fruit large, at Parras (923), and with similar

but smaller and sinuately-toothed leaves, and with smaller flowers and

fruit, at San Lorenzo de Laguna (925) ; 653 Parry & Palmer. In

the multiplicity of forms it seems impossible to distinguish two species,

unless it be arbitrarily upon some single character.

Saracha UMBELLATA, Don. (S. glubrata, Miers.) Near Sau

Luis Potosi (702 Schaff'ner) ;
G51 Parry & Palmer; also 347 Bour-

geau, referred to S. Jaltomata. Roth originally described the species

(in 1800) from cultivated plants, without giving their source, but

Jacquin in 180-1 refers the species positively to Mexico.

Capsicum baccatuji, Linn. At Uvalde (931), and at Sutherland

Springs, Texas; 1135 Parry & Palmer.

Cacabus Mexicaxus. Viscidly pubescent throughout, rather

stout: leaves broadly ovate and mostly cordate, or the upper ovate-

oblong, coarsely sinuate-toothed or nearly entire, obtuse or acute, 2

inches long and exceeding the petioles, the upper and secondary ones

smaller : flowers solitary ; calyx broadly tubular-campanulate, 6 (be-

coming 15) lines long, with acuminate teeth; corolla purplish, 15

lines long, broadly funnelform, nearly glabrous without, densely

tomentose toward the base within, the limb nearly entire: berry

subglobose, G lines in diameter, loosely enclosed in the inflated 10-

cariuate calyx.
— In the San Miguelito Mountains, vSau Luis Potosi

(704 Schaffuer). Near G. prostratus, Bernh.

Nectouxia FORMOSA, HBK. At Lerios, Coahuila (958) ; 652

Parry & Palmer.

Lycium brachtaxthum, Gray in Hemsl. Bot. Biol. Centr.-Amer.

2. 426. At Laredo, on the Rio Grande (963), in the mountains west

of Saltillo (860), and at Soledad, Coahuila (867, 868) ; 723 Parry &
Palmer. A small loosely branched bush, the angular branches pubes-
cent or glabrate, with obovate to oblanceolate or spatulate short-

pubescent fascicled leaves (2 to 8 lines long by 1 or 2 wide), and

nearly sessile flowers : calyx pubescent, with very short and broad

lobes, equalling the broad tube of the cream-white corolla, which is

densely woolly within and about 2 lines long: mature fruit 3 lines in

diameter.

Lycium Berlaxdieri, Dun. At Guadalupe, Texas (950), and

westward to Laredo (951, 952), at Saltillo (957) and in the mount-

ains west of that place (954, 956), and at San Luis Potosi (1059

Schaffuer); 654, Qoih, and 656^ Parry & Palmer. Apparently all
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forms of the same species, though the Mexican specimens have mostly
shorter pedicels, tiie fruit is sometimes smaller, and the corolla varies

to some extent.

Lycium Carolinianum, "Walt. On Corpus Christi Bay, Texas

(953), trailing on the ground and rooting at the joints.

Lyciuji barbinodum, Miers, var. (?) In the mountains west of

Saltillo (95.3). With shorter and more spreading corolla tlian in the

forms of L. Berlandleri, but with smaller leaves and much shorter

pedicels than in typical L. barbinodum. Flowers described as laven-

der-color or violet.

Lycium Sciiaffneri, Gray. At San Luis Potosi (SchafFner) ;

655 Parry & Palmer.

Datura quercifolta, HBK. At Parras, Coahuila (959), and at

San Luis Potosi (705, 706 SchafFner); 658 Parry & Palmer,

Datura meteloides, DC. At San Lorenzo de Laguna, Coahuila

(900), in the San Miguelito Mountains, San Luis Potosi (707 Schaff-

ner), and at Guanajuato (Duges), wliere it is known as " Toloachi."

Hyoscyamus albus, Linn. At San Lorenzo de Laguna, in culti-

vation (904), and naturalized about San Luis Potosi (708 Schaffner),

where it was introduced by the French.

Cestrum multinervium, Dun. At San Antonio, Texas (808).

Cestrum laxum, Benth. At Guanajuato (Duges); popularly

known as " Huele de noche de la Sierra."

Cestrum lanatum, Mart. & Gal. At Guanajuato (Duges) ;

" Ahuacatillo."

NicoTiANA NUDiCAULis. Viscid-pubesccnt, 1 to 2 feet high, the

stem and naked branches bearing short paniculate or simple racemes :

leaves mostly at the base, entire, oblanceolate with a winged petiole,

not auriculate nor clasping, 2 to 18 inches long by 1 to 4 wide, the

cauline 1 to 3 inches long : pedicels 2 or 3 lines long : calyx 3 lines

long, the longer narrow tooth about equalling the tube; corolla 9

lines long, narrowly cylindrical, with the throat contracted, very

narrow at base within the calyx, the very short obtusely lobed limb

nearly erect: filaments inserted equally near the base: capsule ovate,

acute, 4 lines long.
— At Monterey, ISTuevo Leon (901). Allied to

N. panicidata.

NicOTiANA TRiGONOPHYLLA, Dun. In the mountains east of

Saltillo (902), and in rocky places about San Luis Potosi (088

Schaffner) ; 000 Parry & Palmer.

NicoTiANA repanda, Willd. At Georgetown, Williamson County,

Texas (999) ;
059 Parry & Palmer.
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NicoTiANA GLAUCA, Linn. At San Luis Potosi (G89 Schaff-

ner), and at Guanajuato (Duges), where it is called " Tronadora de

Espaiia."

Petunia parviflora, Juss. At San Luis Potosi (612 ScliafFuer);

661 Parry & Palmer.

BoucHETiA ERECTA, DC. At Lsrios (852) and Soledad, Coa-

huila (2021), and at San Luis Potosi (611 SchafFner) ; 630 Parry &

Palmer, in part. The linear portion of the corolla-tube is slightly

longer than the tube of the calyx (longer than in any Texan speci-

mens), but by no means so elongated as shown in the origiual figure

of D. procumhens, to which species Schaffner's plants are in part

referred by Hemsley, and the corolla is more expanded above.

NiEREMBERGiA ANGUSTiFOLTA, HBK. At San Luis Potosi (610

Schaffner) ; 630 Parry «fe Palmer, in part.

Leucophyllum Texanum, Beuth. At Uvalde, Texas, and Laredo

on the Rio Grande, and in the intervening region (967, 908, 2011),

and at Parras, Coahuila ; the latter a form with broad spatulate leaves,

referred to L. minus, Gray, and the same as 663 Parry & Palmer,

Verbascum virgatum, With. In the mountains near Morales,

San Luis Potosi (742 Schaffner).

Antirrhinum maurandioides, Gray. At San Antonio, Texas

(971), at Saltillo (970), and at San Luis Potosi (749 Schaffner) ;

665 Parry & Palmer.

Maurandia Barclayana, Lindl. In the Caracol Mountains, east

of Monclova (972), in the San Miguelito Mountains, San Luis Potosi

(748 Schaffner), and at Guanajuato (Duges) ; 664 Parry & Palmer.

Maurandia erecta, Hemsl. in Gard. Chron. 2. 17. 22, and Bot.

Biol. Centr.-Amer. 2. 441. At San Lorenzo de Laguna, Coahuila

(966).

Pentstemon barbatus, Nutt. In the Sierra Madre, south of

Saltillo (975), and in the Caracol Mountains, east of Monclova (973) ;

667 Parry & Palmer.

Pentstemon ijiberbis, Trautv, At Saltillo, and in the mountains

east of that place (974), and in the San Miguelito Mountains, San

Luis Potosi (752 Schaffner) ; 667^ 668 Parry & Palmer.

Pentstemon campanulatus, Willd. At Lerios in the high

mountains east of Saltillo (976), and at Guanajuato (Duges); 669

Parry & Palmer.

Pentstemon baccharifolius, Hook,, var, Schaffneri, Hemsl.

In the San Miguelito Mountains, San Luis Potosi (751 Schaffner);

666 Parry & Palmer.

VOL. XVIII, (n. s. X.) 9
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PiCNTSTEMON TENiTiFOLius, Benth. Ill the Morales Mountains,

Sau Luis Potosi (753 Schaffuer) ; 672 Parry & Palmer.

Pentstemon stenophyllus, Gray. In mountains near San Luis

Potosi (754 Schaffner); 671 Parry & Palmer.

MiMLLUS GLABRATUS, HBK. At Saltillo (977), and at San Lo-

renzo de Laguua, Coahuila (978, 979) ; G75 Parry & Palmer.

Stemodia DURANTiFOLiA, Swartz. Near Morales, San Luis Po-

tosi (7 1 4 Schaffner) ; G79 Parry & Palmer. Also a prostrate and

rooting variety (?), with sessile flowers, and a broad funnelfurm corolla

6 lines long; between the Frio and Nueces Rivers, Texas (1053),

CoNOBEA MULTIFIDA, Benth. At Sutherland Springs (980).

Herpestis rotundifolia, Pursh. At Guadalupe, Texas (981).

Flowers white.

Herpestis Monniera, HBK. At San Antonio, Texas (987);
677 Parry & Palmer.

Herpestis ciiam^drioides, HBK. At Guajuco (988), and at

Monterey, Nuevo Leon, and near Morales, San Luis Potosi (743

Schaffner) ; 674 Parry & Palmer. Mostly with large yellow flowers,

often twice the length of the calyx, the outer segments of which are

oblonfj-ovate or lanceolate. 988 Palmer has been referred to H.

mgrescens, and 674 Parry & Palmer in part to H. radlcata, Benth.

The species is a variable one, and easily includes these forms.

Ilysanthes gratioloides, Raf. Near Morales, San Luis Potosi

(121 Schaifner) ; 676 Parry & Palmer.

LiMOSELLA aquatica, Linn. Near Morales (125 Schaffner).

Veronica peregrina, Linn. At Monterey, Nuevo Leon, and

near Morales (723 Schaff'ner); 678 Parry & Palmer.

BucHNERA LiTHOSPERMiFOLiA, HBK. (?) Near San Luis Potosi

(Schaffner, without number). Apparently a common though some-

what variable species in Mexico, and extending into Arizona (2830

Lemmon), with leafy stem 1 to 2 feet high, short rough pubescence,

ovate to linear-lanceolate bracts, narrow calyx-teeth exceeding the

ovate-oblong acute capsule (3 lines long), and corolla 5 or 6 lines

long. Bentham identifies the Mexican plant (as represented by
100 Hartweg) with this Colombian species, though it does not wholly

agree with the description. It is all referred by Ilemsley to B. elon-

ffata, Swartz, but that species as represented in the United States and

West Indies is very clearly distinguished by its more naked stems,

short ovate bracts, short calyx-teeth, and obtuse capsule exceeding

the calyx. It is doubtful whether B. elongata occurs at all in

Mpxico.
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BuCHNERA PILOSA, Bentli. (?) Near San Luis Potosi (Schaffner,

with the last, without number). Lower and more slender than the

last (4 to 7 inches high), pilose throughout, and with shorter calyx
and corolla, the capsule 2 lines long. This may not be the plant to

which the name was originally applied, and which was later referred

by Bentham to B. lithospermifolia, but the pilose pubescence is charac-

teristic.

Seymeria bipinnatisecta. Seem. Caracol Mountains (989).
Sevmeria viRGATA.Renth. In the San Miguelito Mountains, San

Luis Potosi (735 Schaffner) ; 682 Parry & Palmer.

Gerakdia (Dasystoma) Greggii. Pubescent with very short

stiff spreading glandular hairs: leaves small (an inch long or less),

sessile, ovate, coarsely and acutely toothed, somewhat hastately lobed

at base : pedicels exceeding the leaves, curved, ascending : calyx-lobes

lanceolate, acuminate, equalling or exceeding the tube ; corolla pubes-

cent, "dark buff," an inch long.
— In the Sierra Madre, south of Sal-

tillo (2024), very scanty specimens; collected also by Dr. Gregg (81).

Allied to G. pedicularia ; referred to G. grandijlora by Hemslev.

Gerardia peduncularis, Benth. At San Luis Potosi (755

Schaffner) ; 670 Parry & Palmer.

Castilleia lanata, Gray. At Saltillo, Coahuila (990) ; 689

Parry & Palmer.

Castilleia tenuiflora, Benth. In the mountains east of Saltillo

(991), and in the San Miguelito Mountains, San Luis Potosi (740

Schaffner) ; 692 Parry & Palmer.

CoNOPHOLis Mexicana, Gray in herb. Distinguished from C.

Americana by its longer and more rigid lanceolate acuminate scales,

the calyx less deeply toothed, and the corolla larger (8 lines lono-).
—

In the Sierra Madre, south of Saltillo (996), and at Soledad, Coahuila,

growing at the foot of oaks ; 693 Parry & Palmer. It has been

previously collected in New Mexico in the Organ Mountains (1461

Wright), and in the Santa Magdalena Mountains (G. R. Vasey), and

in the mountains of Arizona (Rusby), and it is probably the more

common species in Mexico. The plant figured by Endliclier (Iconogr.

t. 81) for G. Americana is G. Mexicana, probably from Andrieux's

collection.

Castilleia sessiliflora, Pursh. In the mountains east of Sal-

tillo (993), and in the Sierra Madre, south of that place (992).

Castilleia scorzoner^folia, HBK. At Lerios in the high

mountains east of Saltillo (2026), a tall and nearly the typical form,

and the same as 107 Gregg; 690 Parry & Palmer is probably the
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same. Also a low annual variety, in the San Miguelito Mountains

(741 SchafFner), and at Guanajuato (Duges) ; G91 Parry & Palmer.

Duges gives the popular name " Flor de Milpa."

Castilleia canescens, Benth. In the mountains near San Luis

Potosi (739 Schaffner), and at Guanajuato (Duges) ; G88 Parry &
Palmer. Approaching C. tenuijlora.

Orthocarpds Mexicanus, Hemsl. Bot. Biol. Centr.-Amer. 2.

463, t. 63, A., fig.
1-6. At Lei-ios, Coahuila,— a single specimen.

Lamoreuxia rhin'ANTiiifolia, HBK. In the San Miguelito

Mountains, San Luis Potosi (750 Schaffner), and at Guanajuato

(Duges) ; 686 Parry & Palmer. 101 Bourgeau, referred to L-

Gutierrezii, is the same.

Pedicularis Canadensis, Linn. In the Sierra Madre, south of

Saltillo (994) ;
684 Parry & Palmer.

Aphyllon multifloru.u, Gray. At Saltillo (995).

Aphyllon Ludovicianum, Gray. At Uvalde, Texas (2025).

Aphyllon (Nothaphyllon) Dugesii. Glabrous or very spar-

ingly puberulent, about 3 inches high, with short scaly-bracteate stems

and dense simple spikes : flowers sessile or the lower shortly pedicel-

late, with a pair of linear acuminate bractlets : calyx equally 5-cleft to

below the middle, 5 lines long ; corolla (8 lines long) bilabiate with

erect lips, the upper bifid, the lower 3-parted, plicate and truncate

between the segments: stigma bilamellar, the lobes lateral. — At

Guanajuato (Duges).

Utricularia denttculata, Benj. (?) Growing in mud, the

spatulate leaves nearly an inch long, with occasional utricles attached

to the petioles. The flowers nearly accord with Benjamin's descrip-

tion, but the denticulations at the apex of the broad lower lip (4 lines

long) are obscure, and the palate is margined by a row of prominent

tubercles.— Near Morales, San Luis Potosi (120 Schaffner); 694|-

Parry & Palmer.

PiNGUicuLA CAUDATA, Sclilecht. At Guanajuato (Duges) ; 694

Parry & Palmer.

BiGNONiA BucciNATORTA, Mairet. At San Luis Potosi (746

Schaffner), and in cultivation at Guanajuato (Duges) ; 695 Parry &
Palmer.

Chilopsis saligna, Don. At Uvalde, Texas (1000), at Parras,

Coahuila (1001), and at San Luis Potosi (745 SchafTner).

Tecoma stans, Juss. In the mountains east of Saltillo (1002),

and at San Lorenzo de Laguna, Coahuila (1003).

Martynia proboscidea, Glox. At Laredo, Texas (2027).
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Mautynia fragrans, Lindl. At San Luis Potosi (747 Schaff-

uer), and at Guanajuato (Duges), where it is called " Toritos
"

;
697

Parry & Palmer.

Elytuauia BROMOiDES, Oersted. At Guajuco, Nuevo Leon

(2029). Quite distinct from E. tridentata, Vahl, to which it is re-

ferred by Hemsley.
Calophaxes decdmbens, Gray. Apparently the same as C.

Schiedeana, Nees, from which G. Jasminum-Mexicantan, Nees, is

probably not distinct. At Saltillo (1009, 2032), at Lerios iu the

high mountains east of Saltillo (1010), and at San Luis Potosi (647

SchafFnerJ.

Calophanes linearis, Gray. In the Sierra Madre, south of

Saltillo (2033).

Ruellia tuberosa, Linn. At Guadalupe (1006), and Sutherland

Springs, Texas (1007, 2031), and at Saltillo.

Ruellia Parryi, Gray. At Parras, Coahuila (1008). Flowers

noted as light-purple with darker veins in the throat.

Stenandrium dulce, Nees. At Laredo, on the Rio Grande

(1005), and at Lerios, Coahuila (2030) ;
703 Parry & Palmer.

SiPHONOGLOSSA PiLOSELLA, Torr. At Eagle Pass (1012), and

at Corpus Christi, Texas (2034), and in the mountains northeast of

Monclova, Coahuila (1011) ; 701 ^ Parry & Palmer.

DiANTHERA PARVIFOLIA, Benth. & Hook. At San Antonio,

Texas (1015). Also a taller and stouter very glandular-pubescent

form, at Monterey, Nuevo Leon (1014), the same as 1214 Coulter.

This species might perhaps well be referred to Carlowrightia.

Jacobinia iNCANA, Benth. & Hook. At Guajuco (997) and Mon-

terey, Nuevo Leon (998j ; 704 and 704^ Parry & Palmer.

Jacobinia Mohintli, Benth. & Hook. At San Luis Potosi (112

Schaffher), and at Guanajuato (Duges). Known as " Muicle."

Anisacanthus Wkightii, Benth. & Hook. At Uvalde (2035).

Anisacanthus virg CLARIS, Nces. In the mountains east of

Saltillo (1016), and at San Luis Potosi (744 Schaffner) ; 706 Parry
& Palmer. Calyx-teeth from triangular and scarcely as long as the

tube to lanceolate and twice longer than the tube ; flowers " scarlet."

Anisacanthus pumilus, Nees. Leaves somewhat broader than in

the last, the linear calyx-teeth many times longer than the very short

tube; flowers "light buff." At Parras, Coahuila (1017); 706^ Parry
& Palmer.

DiCLiPTERA BRACHiATA, Spreng. At San Antonio, Texas (1013),

a villous form with small leaves.
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Tetrameridm hispidum, Nees. At Soledad, Coahuila (1089),
and at Guanajuato (Duges) ; 700 Parry & Palmer.

Tetramekium ? Low and branching, woody at base, rougli-

puberuleut throughout : leaves linear-oblong, 6 to 12 lines long,

attenuate to a short petiole : spikes short, terminal
; bracts tliin,

narrowly ovate, rounded or subcordate at base and nearly sessile,

acute : calyx a line long, the lanceolate teeth exceeding the tube ;

corolla 9 lines long, very narrowly tubular, pubescent, the limb 3 lines

long.
— In the Caracol Mountains, southeast of Monclova (1004).

Lantana Camara, Linn. At Sutherland Springs, Texas (1022),

and at Guanajuato (Duges) ; 707 Parry & Palmer. Duges gives the

popular name '' Frutilla."

Lantana macropoda, Torr. At Laredo, on the Rio Grande

(1029, 1030), and at Parras, Coahuila (1027) ; 711 Parry & Palmer,

in part.

Lantana canescens, IIBK. At Monterey, Nuevo Leon (1028);
708 Parry & Palmer. Identical with 2232 Berlandier, which is

referred to this species by De Candolle.

Lantana velutina, Mart. & Gal. At Guanajuato (Duges); 709

Parry & Palmer.

LiPPiA purpurea, Jacq. f. At Soledad, Coahuila (1023), and in

the San Miguelito Mountains, San Luis Potosi (643 Schaffner).

Flowers "
white, becoming yellow."

LiPPiA graveolens, HBK. At Soledad (1025) and at Monclova,

Coahuila (1026).

LiPPiA (Aloysia) macrostachya. Shrubby, pubescent through-

out with short spreading hairs : leaves broadly ovate to ovate-oblong

or oblong-elliptical, truncate or slightly cordate at base, obtuse, cre-

nately toothed, rugosely veined, densely pubescent and canescent

beneath, shortly petioled, 3 to 12 lines long, often all small : spikes

loose and elongated ; bracts linear-lanceolate ; flowers short-pedicellate

or sabsessile: calyx 2 lines long, the tube densely hispid and lobes

narrow; corolla twice longer, ''magenta-color": style shorter than

the calyx.
— In the mountains east of Saltillo (1032), and in tlie Cara-

col Mountains southeast of Monclova, Coahuila (1033). The same as

190 and 323 Gregg (Z. Wrightii^ var. macrostachya, Torr. in Bot.

Mex. Bound. 127, and Gray, Syu. Fl. 2. 338), and 712i Parry &

Palmer, which is referred to L. Wrightii. That species has the

pubescence more tomentose, the smaller flowers in shorter and closer

spikes, broader bracts, and the less rugose leaves more or less cuneate

at base. The Peruvian L. scordioides more nearly resembles L.
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Wrightii, but has larger more oblong and more rugose leaves, nar-

rower bracts and narrower calyx-teeth.

LippiA LYCioiDES, Steud. At San Antonio (1035), Uvalde (1036),

Bluffton (203G), and Laredo, Texas (1034), in the mountains east of

Saltillo (1037), and at San Luis Potosi (646 Schafifner) ; 712 Parry &
Palmer.

LiPPiA NODiFLORA, Michx. At Sutherland Springs, Texas (1038),

at Solcdad, Coahuila (1039), and at San Luis Potosi (644 SchafFuer,

in part).

LiPPiA LANCEOLATA, Michx. At San Luis Potosi (644 Schaffner,

in part); 710 Parry & Palmer, and 711 in part. A small-leaved

nearly prostrate form, probably L. reptans, HBK.
Pkiva TUBEKOSA. Root tubcrous ; branching from the base and

decumbent, subvillous-pubescent : leaves sessile, oblong, narrowed at

base, coarsely toothed mostly toward the apex, strigose-pubescent, 6

to 12 lines long: spikes short, terminal: fruiting calyx 4 lines long,

pubescent, unequally toothed, contracted above the nutlets which fill

the dilated base: nutlets 1^ lines long, irregularly and coarsely re-

ticulated.— In the San Miguelito Mountains (717 Schaffner).

Verbena polystachya, HBK. At San Lorenzo de Laguna

(1040), and a form with the calyx very pubescent, from the Sierra

Madre, south of Saltillo.

Verbena urtic^folia, Linn. At Guanajuato (Duges). These

two species approach each other very closely.

Verbena ? Allied to V. polystachya. Densely pubescent

with stiff hairs, shorter and more appressed on the leaves, which are

lanceolate, incised and lobed at base ; panicle small. Perhaps a

hybrid between V. polystachya or V. urticcefolia and V. xutha. At

Saltillo (2037).

Verbena officinalis, Linn. A very slender somewhat strigose

narrow-leaved form, at Sutherland Springs, Texas (1043), and at San

Lorenzo de Laguna (1042). Also a variety (?), of similar habit, but

more hirsute throughout, and the flowers larger, the slender corolla-

tube twice longer than the calyx; at Guajuco, Nuevo Leon (1041).

A form with the oblong-lanceolate leaves merely toothed is found in

the mountains near San Luis Potosi (718 Schaffner), and at Guana-

juato (Duges). 917 Parry &. Palmer is the more usual larger-leaved

form of the species.

Verbena canescens, HBK. At Monterey, Nuevo Leon (1044),

and at San Luis Potosi (719 Schaffner) ; a dwarf form, with small

ovate leaves, at Laredo, Texas (2040) ; and a dwarf variety (?), with
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ovate to oblong incised leaves, bracts equalling the calyx, and large

flowers (5 lines long), at Corpus Christi, Texas (2038).

Verbena remota, Benth. Annual, with slender conspicuously

bracted spikes, the fruit shorter and leaves more dissected than in the

last species, to which it has been referred. At San Luis Potosi (720

SchafFuer) ; 722 Parry & Palmer. 174 Ilartweg and 361 Bourgeau

are the same. It has also been collected by Mr. Pringle at Gardiner's

Spring iu Arizona.

Verbena ciliata, Benth. At Corpus Christi (1046) and at

Guadalupe, Texas (2039), at Monclova, Coahuila, at Monterey, Nuevo

Leon (1045), and at San Luis Potosi (717 Schaflfner) ; 718, 719 and

720 Parry & Palmer.

Verbena xutha, Lehm. Sierra Madre, south of Saltillo (1047).

Verbena bracteosa, Michx. At San Lorenzo de Laguna, Coa-

huila (1048); 715 Parry & Palmer.

Verbena bipinnatifida, Nutt. At Sutherland Springs (1049).

Verbena Wrightii, Gray. At Lerios, in the high mountains

east of Saltillo (1052), and near Morales, San Luis Potosi (716

Schaffner). Also a variety (?), with the more dissected foliage of the

last species, but with the broad and short calyx-teeth of V. Wrightii ;

at Lerios, Coahuila (1050), and at Guanajuato (Duges), and the same

as 1149, 1150 Coulter, and 26 Gregg. The species appears to vary

in the size of the glandular appendage to the anthers.

Callicarpa Americana, Linn. At Sutherland Springs (1054).

Mentha arvensis, Linn. At Saltillo (1061).

Mentha rotundifolia, Linn. At Parras, Coahuila (1090), and

near Morales, San Luis Potosi (683 Schaffner).

Cunila secunda. Herbaceous, pubescent: leaves ovate-oblong,

acuminate, rounded at base, entire, very shortly petiolate, an inch long

or less, finely pubescent above, canescently subtomentose beneath:

inflorescence leafy, secund, the rather loose axillary pedunculate cymes

about equalling the gradually reduced leaves, pubescent: calyx a line

long, with short acute teeth: corolla nearly 3 hues long: stamens

long-exserted.
— Guanajuato (Duges) ;

known as " Poleo del cerro."

MiCROMERiA Xalapensis, Benth. At Guajuco, Nuevo Leon

(1055) ; referred by Hemsley to M. Brownei, Benth.

Hedeoma Drumhondii, Benth. At Sutherland Springs, Texas

(1058), in the Sierra Madre, south of Saltillo (1057), and in the San

Miguelito Mountains (679 Schaffner) ;
738 Parry & Palmer.

Hedeoma costata, Hemsl. Bot. Biol. Centr.-Amer. 2. 547. At

Lerios, in the high mountains east of Saltillo (1059).
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Hkdkoma tenella, Hemsl., 1. c, 549. At Guajuco, Nuevo Leon

(lOGO) ; also at Sakillo, with leaves broadly ovate, and rounded or

subcordate at base. The species is very near to H. dentata, Torr.

Hedeoma Palmeri, Hemsl., 1. c, 548, t. 69, B., fig. 6-9. In the

San Miguelito Mouutaius, San Luis Potosi (637 Schaffuer) ; 728

Parry & Palmer.

PoLiOHiNTHA GLABRESCENS, Gray in Hemsl. Bot. Biol. Centr.-

Amer. 2. 549. At Soledad, Coahuila (1056). Flowers white, with

purple dots on the lower lip. Resembling sage in taste and used in

cooking.

Salvia tili^folia, Vahl. At Soledad, Coahuila (1062), and at

San Luis Potosi (674 Schaffuer) ; 743 and 746|- Parry & Palmer.

Salvia chaji^dryoides, Cav. In the San Rafael Mountains,
San Luis Potosi (663 Schaffuer); 750, 751 J and 753 Parry &
Palmer. Also a form with less hoary and scarcely at all crenate

leaves, at Lerios (1064) and Parras, Coahuila (1072), and in the San

Miguelito Mountains, San Luis Potosi (664 SchafFner). 751 Parry
&, Palmer is probably a stUl smoother and thiuner-leaved form of the

species.

Salvia farinacea, Benth. At Bluffton (1066), and a form with

nearly entire linear leaves at Sutherland Springs, Texas (1065).

Salvia ballot^flora, Benth. At San Antonio, Texas (1070),
at Lerios (1068), Parras (1067), and Monclova, Coahuila (1069), and

in the San Rafael Mountains, San Luis Potosi (670 SchafFner).

Salvia Greggii, Gray. At Lerios, in the high mountains east of

Saltillo (1071).

Salvia Rcemeriana, Scheele. In the mountains east of Saltillo

(1073).

Salvia coccinea, Linn. At Uvalde (1076) and at Corpus

Christi, Texas (1075, nearly glabrous), and at Guajuco, Nuevo Leon

(1074, very hispid and the leaves tomentose beneath).

Salvia pentstemonoides, Kunth. At Sutherland Springs, Texas

(1077).

Salvia Regla, Cav. At Lerios, Coahuila (1079), at San Rafael,

San Luis Potosi (665 Schaffner), and at Guanajuato (Duges) ;
741

Parry & Palmer. Duges gives the popular name " Mirto rojo del

cerro."

Salvia azurea, Lara., var. grandiflora, Benth. At Suther-

land Springs, Texas (1091).

Salvia glechom^folia, HBK. At Lerios in the high mount-

ains east of Saltillo (1097), and in the Sierra Madre, south of that
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place (1098). The foliage appears to be very variable, sometimes on

the same plant, from broadly ovate-triangular in the typical ibrm (756

Parry & Palmer), to oblong-lanceolate (as in 406 Gregg and 1115

Coulter, which are probably S- prunelloides, HBK.), and to linear, as

in 761 Parry & Palmer and 390 Bourgeau. S. Arizonica, Gray, is

a very closely allied species, with acuter and more coarsely tootiied

leaves.

Salvia Mexican a, Linn. At Guanajuato (Duges). A form

near to this species, but with the calyx and corolla only half as large,

was collected in the Caracol Mountains, Coahuila (1096) ; 757, 758

Parry & Palmer.

Salvia nana, HBK. In the San Rafael Mountains, Sau Luis

Potosi (080 Schaffiier) ; 745, 740 Parry & Palmer.

Salvia Hispanica, Linn. At San Luis Potosi (075 and 1053

SchafFuer) ; known as " Chia."

Salvia angustifolia, Cav., var. glabra, Gray. A low slender

stoloniferous form, with short and broad calyx. At San Luis Potosi

(672 Schatfner) ; 700 Parry «&; Palmer.

Salvia lanceolata, Brouss. In swamps near San Luis Potosi

(673 SchafFner) ;
744 Parry & Palmer. Very fetid.

Salvia leucantha, Cav. Near Santa Maria, San Luis Potosi

(669 Schaffner).

Salvia lasiantha, Beuth. In the San Rafael Mountains, San

Luis Potosi (671 SchafFuer) ; 730, 731 Parry & Palmer.

Salvia patens, Cav. In the San Miguelito Mountains, San Luis

Potosi (676 Schaffner), and at Guanajuato (Duges); 759 Parry &
Palmer. Duges gives the name "

Pajaros azules graudes."

Salvia fulgens, Cav. In the mountains near Morales, San Luis

Potosi (607 SchafFner) ;
with rather small leaves and flowers.

Known as " Mirto grande."

Salvia Lindenii, Benth. At Guanajuato (Duges).

Salvia microphylla, HBK. In the San Miguelito Mountains,

San Luis Potosi (002 Schaffner) ; 747, 748 Parry & Palmer. Ap-

parently distinct from the next.

Salvia Graiiami, Benth. Leaves truncate or subcordate at base.

In the mountains near San Luis Potosi (000 SchafFner) ; 739 Parry
&, Palmer. Known as " Mirto."— Also a variety (probably *S'. ohtusa,

Mart. & Gal.) with the leaves somewhat cuneate at base. Near

Morales, San Luis Potosi (001 SchafFner; 394 and 390 of his pre-

vious collection) ;
754 Parry «Sc Palmer, more tomentose ; 1093

Coulter.



OP ARTS AND SCIENCES. 139

Salvia axillaris, M09. & Sesse. In the mountains near San

Luis Potosi (G48 Scliaffuer) ; 698 Parry & Palmer; 1118 Coulter.

A very peculiar species, with very much of the habit, as noted by

Bentham, of a Tlnjmus or Satureia. The long slender stems become

procumbent and rooting at the nodes. The leaves vary from oblong-

linear and acute to broadly oblanceolate and obtuse, rarely sparingly

toothed, 3 to lines long: pedicels shorter than the leaves: fruiting

calyx 4 lines long ; corolla very narrowly tubular, 6 to 9 lines long,

the lower lip much exceeding the upper, probably pale blue or pink ;

anthers purple. S. cuneifoUa, Benth. (as represented by 1118 Coul-

ter), is apparently only a form of this species, with the rather broader

leaves often toothed at the summit.

Salvia ? Of the S. Grahami group, the stouter erect stems

somewhat villous-pubescent : leaves ovate-oblong, acute, cuneate or

rounded at base, acutely toothed: corolla "bright magenta," 16 lines

long, the very broad lower lip much exceeding the upper.
— In the

Sierra Madre, south of Saltillo, Coahuila (1078) ; 1096 Coulter, in

part.

Salvia ? Stoloniferous and rooting at base, the erect slender

stems somewhat woody, a span high, pubescent with short spreading

hairs on opposite sides : leaves rather thick, nearly glabrous, ovate to

oblong-ovate, cuneate at base, acutish, rather acutely toothed, 6 to 15

lines long, short-petioled ; bracts subpersistent, ovate-lanceolate, acu-

minate, 1-2-flowered : calyx purple, dilated campanulate, 6 lines long

or more, with broad acute teeth, the upper lip entire
;
corolla an inch

long, apparently reddish-purple, broadly tubular, the lower lip a little

exceeding the upper: style bearded.— In the San Rafael Mountains,

San Luis Potosi (666 Schaffner) ; 740 Parry & Palmer.

Salvia ? Near S. elegans: stems slender, herbaceous, pu-

berulent on opposite sides : leaves thin, on very slender petioles, very

nearly glabi'ous, oblong-ovate, cuneate at base, crenate, 1 to H inches

long : calyx tubular, 4 lines long, with short acute teeth ; corolla

bright scarlet, 9 lines long, narrowly tubular, the broad lower lip

about equalling the upper.
— At Guanajuato (Duges), and known as

'* Mirto rojo chico."

Salvia ? Stems decumbent, herbaceous, villous and pubes-

cent, a span high : leaves broadly ovate, truncate or cordate at base,

rarely subhastate, coarsely toothed or entire, obtuse or acute, an inch

long or less ; bracts deciduous : verticils 2-6-flowered : calyx campan-

ulate, 3 or 4 lines long, the upper lip entire or truncate, the lower

shortly bifid ; corolla blue, 9 lines long, the very broad lower lip
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twice longer than the upper.— In the San Miguelito Mountahis, San
Luis Potosi (678 Schaffuer).
Salvia ? Near S. amarissima, Ort. (752 Parry & Palmer),

but canescently puberulent and not at all hispid. In shaded places
near Morales, San Luis Potosi (677 Schaffner).

Salviastruji Texanum, Scheele. At Sutherland Springs (1102).
MoNAKDA ciTRiODORA, Cerv. At San Lorenzo de La^^una, Coa-

huila (10S2), and at Guajuco, Nuevo Leon (1080).
MoNARDA PUNCTATA, Linn. At Lamar, on Copano Bay, Texas

(1081).

Cedronella Mexicana, Benth. In the mountains near Morales,
San Luis Potosi (682 Schaffner) ; 762 Parry & Palmer. Known as
"
Touroujil."

Salazaria Mexicana, Torr. At Parras, Coahuila (1083).
Scutellaria Drummondii, Benth. At Lamar, on Copano Bay,

Texas (2042), in the Sierra Madre, south of Saltillo (1085), and in

the mountains eastward (1084), and at San Miguelito in San Luis
Potosi (642 SchafFner).

Scutellaria Wrightii, Gray. At Sutherland Springs (1086)
and Bluflfton, Texas (1087).
Brunella vulgaris, Linn. At Lerios, Coahuila (1088) ; 733^

Parry & Palmer.

Physostegia Virginiana, Benth., var. obovata. Gray. At
Saltillo (2043).

Marrubium vulgare, Linn. About San Luis Potosi (681

Schaffner).

Stachys agraria, Cham. & Schlecht. At Lerios (1092), in the

Sierra Madre, south of Saltillo (1093), and at Guajuco (1095).
Stachys Drummondii, Benth. In the Caracol Mountains, south-

east of Monclova, Coahuila (1094), and at San Luis Potosi (684
Schaffner) ; 733, 734 and 735 Parry & Palmer, the latter referred to

S. agraria.

Stachys Bigelovii, Gray. At San Luis Potosi (685 Schaffner).
Stachys coccinea, Jacq. A form with very short and broad

abruptly aristate calyx-teeth. Near San Rafael, San Luis Potosi

(686 Schaffner), and at Guanajuato (Duges) ; 732 Parry & Palmer,
the ordinary form.

IsANTHUs c^RULEUs, Michx. At Georgetown, Texas (1 103).
Tetraclea Coulteri, Gray. In the mountains east of Saltillo

(1104), and in the San Miguelito Mountains, San Lujs Potosi (636

Schaffner) ; 726 Parry & Palmer.
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Tedcrium Canadense, Linn. At Saltillo, Coaliuila (1099).

Teuckiu.-m Cubensk, Linn. At San Lorenzo de Laguna, Coahuila

(1101), at Monterey, Nuevo Leon (1100), and in the San Miguelito
Mountains (687 Schaffner) ; 727 Parry & Palmer. 1101 is referred

by Ilemsley to T. laciniatum^ Torr., which is not clearly distinguished

from this species, but is perhaps best defined by the decidedly peren-

nial root, much larger flowers, and more elongated calyx-teeth.

Plantago major, Linn. At Parras, Coahuila (1105), and a very

paniculately branched form (1106).
Plantago Patagonica, Jacq. Between the Frio and Nueces

Rivers, Texas (1110), and at San Luis Potosi (659 SchafFuer, in

part).

Plantago Mexicana, Link. A reduced depressed form, with the

scapes shorter than the leaves. At San Luis Potosi (65',) Schaffner,

in part) ; 765 Parry & Palmer, at least in part. Perhaps the species

should be included among the forms of P. Patagonica.

Plantago Virginica, Linn., var. (?) (Var. longifoUa, Gray,

Syn. Flora, 2. 392, in part.) Scapes procumbent, very short : leaves

pinnatifid-toothed : capsule exceeding the sepals : seeds red, over a line

long, and broader in proportion than in P. Virginica.
— Between the

Frio and Nueces Rivers, Texas (1108), at San Lorenzo de Laguna,
Coahuila (1109), at Monterey, Nuevo Leon (1107), at San Luis

Potosi (656 Schaffner) and iu the San Miguelito Mountains (655

Schaffner). Collected also by Dr. Gregg at Buena Vista, and by
Berlandier at Matamoros (2128), together with a more erect form.

763 Parry & Palmer is referred to this species. In the ordinary
forms of the species the shorter sepals about equal the capsule and the

brown seed is less than a line long.

Plantago hirtella, HBK., var. (?) Leaves narrowly lanceo-

late, attenuate into a long winged petiole, rather sparingly pubescent,
entire or obscurely toothed : sepals glabrate, or somewhat pubescent
on the midvein, shorter than the capsule : seeds olive-colored. — At
San Luis Potosi (657 Schaffner). 400 Bourgeau and 926 Coulter

(referred to P. Virginica), 1128 Bourgeau, and 174 Botteri appear
to be the same.

Plantago caulescens. Caulescent, probably perennial, the cau-

dex usually branching and the leafy stems 1 to 4 inches long : leaves

linear, attenuate each way, silky-pubescent, 2 to 6 inches long by 1 or

2 lines wide : peduncles exceeding the leaves, erect : spikes capitate,
3 to lines long: bracts ovate, acutish, shorter than the calyx, the

margins scarious below : sepals 2 lines long, nearly uniform, but the



142 PROCEEDINGS OP THE AMERICAN ACADEMY

inner almost wholly scarious : corolla-lobes 2 lines long, dark-brown

in the centre : stamens 4, or none : style very pubescent, short or

long-exserted : seeds 2. — In tlie San Rafael Mountains, San Luis

Potosi (65^ Schaffner). Mature capsules not seen.

MiRABiLis Jalapa, Linn. At Guanajuato (Duges) ; 775 Parry
& I'almer.

MiRABiLis LOXGTFLORA, Linn. At Guanajuato (Dnges).
OxYBAPiius Ckrvantesii, Sweet. In the Siena Madre, south of

Saltillo (1111). The specimens are referred by Ilemsley to 0. visco-

sus, but they accord fairly with the figure and descriptions, and with

cultivated specimens of this species. 1314 Berlandier, 348 and 511

Gregg, and 912 Coulter are the same.

OxYBAPnus GLABRiFOLius, Vahl. At Parras, Coahuila (1112);
a small-leaved form.

OxYBAPHUS AGGREGATUS, Vahl. At the same locality (1113),
and in the San Mignelito Mountains, San Luis Potosi (177 Schafif-

ner) ; 768 Parry & Palmer.

OxYBAPHUS ANGusTiFOLius, Sweet. Near San Miguel (179

Schaffner) ; 767 Parry & Palmer.

Nyctaginea capitata, Chois. At Laredo, Texas (1114).

Allionia incarnata, Linn. At San Luis Potosi (175 Schaffner).

BoERiiAAViA Palmeri. Annual ; stems ascending from a pro-

cumbent base, sparingly branched, rough-puberulent and viscid : leaves

ovate, obtuse or acute, truncate at base, |-
inch long, on short petioles :

flowers shortly pedicellate in few-flowered cymes ; bracts small : peri-

anth spreading, 3 or 4 lines long, light pink : filaments exserted : fruit

oblong-clavate, obtuse, glabrous, Ih lines long, obtusely angled, chan-

nelled on the sides.— Allied to B. linearifoUa. At Saltillo (1120).

Boerhaavia linearifolta, Gray. Leaves from linear to lanceo-

late. In the Sierra Madre, south of Saltillo (1121), and in the mount-

ains northeast of Monclova, Coahuila (1122).

Boerhaavta erecta, Linn. At Monclova (1123).

BoERriAAViA ERiosoLENA, Gray. At San Lorenzo de Lagunn,

Coahuila (1124).

Boerhaavia viscosa, Lag. & Hodr. At San Luis Potosi (176

Schaffner).

Boerhaavia gibbosa, Pavnn. {Senkenbergia annulaf.a, Schauer.)

At San Lorenzo de Luguna, Coahuila (1125) ; 771 Parry & Palmer.

Considering the diversities in the inflorescence, fruit and foliage, which

occur in the other species of Boerhaavia^ there seems to be too little

reason for separating the genus Senkenbergia^ especially if it be made
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to include B. spicata, etc., as is done by Hook. f. in Benth, & Hook.

Gen. PI. 3. 5. Farther division of the genus would be equally justi-

fiable.

AcLEiSANTHES LONGIFLORA, Gray. Trailing ; flowers white with

a purplish tinge, rather fragrant. At Laredo, on the Rio Grande

(1115), and at Parras, Coahuila (1116).
AcLEisANTHKS Beklandieui, Gray. Flowers white, fragrant.

At Uvalde, Texas (1117).

Selixocarpus Palmeri, Hemsl. in Bot. Biol. Centr.-Amer. 3. 6,

t. 70. At San Lorenzo de Laguna, Coahuila (1118).
Selinocarpus ANGUSTiFOLius, Torr. Same locality (1119).
Pentac^na poltcnemoides, Bartl. (P. raniosissima, Hook. &

Arn.) At San Luis Potosi (129 Schafifner) ; 64 Parry & Palmer.

AcHYRONYCHiA Parryi, Hemsl. Near Morales, San Luis Potosi

(132 Schamier) ; 53 and 64| Parry & Palmer.

PARONYcntA Mexicana, Hemsl. At San Luis Potosi (133

Schaffiier) ; Q5 Parry & Palmer.

CoRRiGiOLA ANDiNA, THan. & Planch. At San Luis Potosi (136

Schaffuer) ; 54 Parry & Palmer.

Celosia paniculata, Linn. At San Antonio, Texas (1147).
Celosia Palmeri. Glabrous, the herbaceous branching stems

about 2 feet high : leaves lanceolate, acute, somewhat hastately lobed,

cuneate at base and shortly petioled, | to 2 inches long: flowers ses-

sile, rather crowded in short terminal naked panicles ; bracts broadly

ovate, acute, a third to one half as long as the brownish lanceolate

acute many-nerved sepals (2^ lines long): stigmas 2.— At Mon-

clova, Coahuila (1148) ; also in the Parry & Palmer collection

(1144), collected on the route from San Luis Potosi to Tampico. It

is allied to C. paniculata and C. virgata^ and is referred doubtfully to

the latter by Hemsley. It differs in its foliage, inflorescence, and

broader and less acuminate bracts and sepals, the latter with more
numerous and fainter nerves.

Amarantus spinosus, Linn. At Laredo (1126).
Amarantus chlorostach ys, Willd. At the same locality (1127);

786 Parry & Palmer is referred to this species.

Amarantus retroflexus, Linn. At Parras, Coahuila (1128,

2043'"0 ; 785 and 7851 Parry & Palmer.

Amarantus polygonoides, Linn. At Guadalupe, Texas (1129).
Amarantus albus, Linn. A Scleropvs state (the same as 582

Wright, 1849, in part), corresponding to Sderopus crassipes, Moq.,
which is a similar state of the last species.
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Amaranths Palmeri, Watson. The ordinary erect form, 6 to

7 feet high, and also procumbent. At San Luis Fotosi (88G SchafF-

ner) ; 78G Parry & Palmer. Popularly known as "
Quelite," and

used as a substitute for spinach. 785 Schaffner, from the same

locality, is a form with very slender spikes and more attenuate bracts.

786^ Parry & Palmer, referred to A. Blitum, Linn., is A. Wrightii,

Watson.

AcNiDE tamariscina. Gray. The staminate form. In the region

west of San Antonio, Texas (1131).

GuiLLEMiNEA iLLECEBROiDES, HBK. At San Luis Potosi (789

Schaffner), and at Guanajuato (Duges) ; 787 and 788|^ Parry &
Palmer.

Cladotiirix lanuginosus, Nutt. At Laredo, on the Rio Grande

(1188), and at San Lorenzo de Laguna, Coahuila.

Alternanthera Aciiyrantha, R. Br. At San Antonio, Texas

(1145), at San Luis Potosi (881 vSchaffner), and at Guanajuato

(Duges); 788 Parry & Palmer, in part. Known as "Tianguis"

(Duges), or "
Trianguis Pepotta" (Schaffner). 1143 Parry &

Palmer is var. leiantha, Seub.

GossYPiANTHUs RIGID iFLORUS, Ilook. At Bluffton (1143), and

at Laredo, Texas (1144); 788 Parry & Palmer, in part. The fila-

ments have a dilated deltoid base, and it is therefore not probable

that G. tenuifoUus is distinct, as was pointed out by Dr. Torrey in

Bot. Mex. Bound. 180.

GoMPHRENA TUBERiFERA, Torr. At Solcdad, Coahuila (1132).

GoMPHRENA DECUMBENS, Jacq. (?) At San Luis Potosi (880

Schaffner), and at Guanajuato (Duges). The same as 789 Parry &
Palmer, 1371 Coulter, and 633 Bourgeau, which are referred to this

species, though differing in various respects from the original descrip-

tion and figure.

Frcelichia Floridana, Moq. At Sutherland Springs (1139).
Froelichia gracilis, Moq. At Bluffton, Texas (1140).

Frcelichia interrupta, Moq. A variety with narrowly oblan-

ceolate leaves 2 or 3 inches long. Li the Sierra Madre, south of

Saltillo (1141), and in the Caracol Mountains, southeast of Monclova

(1142). The more usual form, with ovate to obovate leaves, was

collected in the Morales Mountains, San Luis Potosi (877 Schaffner),

and at Guanajuato (Duges) ; 793 Parry & Palmer. Known at

Guanajuato as " Elotitos."

Hebanthe Palmeri. Climbing ; stem angled, the young branches

and leaves sparingly pubescent with very short rufous appressed hairs.
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becoming glabrous : leaves small, ovate to lanceolate, obtuse or acute,

ou very sliort petioles : spikes 3 to 5 lines long, in short axillary and

terminal racemes, 1 to 3 inches long ; bracts glabrous, scaiious,

rounded and concave : flowers globose ; basal hairs very cojiious ;

perianth-segments somewhat villous, ovate : filaments very short ;

staminoJia none : ovary glabrous ; stigmas subulate, stout, nearly
sessile: seed subglobose ; cotyledons broad. — At Guajuco, IS^uevo

Leon (ll38). Mentioned as probably distinct by Hemsley, but

under a wrong number. Fully developed leaves are wanting.
Iresine cassin^formis, Schauer in Linnaea, 19. 709

(?) At

Monterey, Nuevo Leon (1133). Agreeing but imperfectly with the

description. Leaves only slightly roughish-puberulent above, densely
white-tomentose beneath, 1 to 3 inches long, oblong-lanceolate, acute

or acuminate, cuneate at base : panicle ample, the fruiting rather

dense and smaller : sterile flowers nearly glabrous, a line long, white

and scarious, the staminodia linear, and the oblong-obovate ovary
without stigmas ; fertile flowers with very thin equal glabrous bracts

half the length of the somewhat rigid oblong obtuse sepals ; hairs

mostly basal : utricle oblong.

Iresine latifolia, Benth. & Hook. At Monterey, Nuevo Leon

(1134), and at San Luis Potosi (873 Schaffner) ; 792 Parry &
Palmer.

Iresine celosioides, Linn. A form with rather large flowers in

dense panicles, the leaves 1 or 2 inches long, acute or but sliuhtly
acuminate. At Georgetown (1135) and at Uvalde, Texas (1137),
and in the Caracol Mountains, southeast of Monclova, Coahuila

(113G) ; 792i Parry & Palmer.

Iresine ? An imperfect specimen of a species allied to

/ latifolia, but distinct fiom it. In all the flowers examined the

ovary had three stigmas. At Guanajuato (Duges).
Iresine ? The white clustered spikes in long-peduncled

panicles, and the very narrow and thin sepals very densely villous.

In the San Miguelito Mountains (876 Schaffner) ;
791 Parry &

Palmer, in part.

DicRAuuus DiFFCsus, Hook. f. In woods near Morales, San Luis

Potosi (878 Schaffner) ; 790 Parry & Palmer.

CiiENOPODiuM F(ETiDUM, Linn. In the Sierra Madre, south of

Saltillo (1150), and at San Luis Potosi (853 Schaffner). C. comu-

tuni, Benth. & Hook. (Teloxf/s conmta, Torn), to which 778 Parry &
Palmer may be referred, appears to be distinguished by its smoothness

and by the firmer and more distinctly appendaged sepals.
VOL. xvni. (n. s. X.) 10
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Chenopodium Berlandieui, INfoq. A farinose form with small

hastate-ovate leaves. At Parras, Coahuila (1151); 780 Parry &
Palmer, in part.

Chenopodium murale, Linn. In the streets of Corpus Christi,

Texas (1152).

Chenopodium Fremontii, "Watson. At San Luis Potosi (851

Schaffuer).

Chenopodium ambrosioides, Linn. Various forms. At San

Antouio, Texas (1154), at San Lorenzo de Laguna, Coahuila (1153),

at San Luis Potosi (852 Schaffuer), and at Guanajuato (Duges),
where it is known as "

Epazote
"

; 779|^ Parry & Palmer.

Chenopodium stellatum. Erect, low (3 or 4 inches high),

branched and leafy, glandular-pubescent: leaves entire, linear, obtuse,

attenuate to the base, 3 to 9 lines long : flowers small, in numerous

axillary subcircinate spikes shorter than the leaves ; calyx 6-8-

(usually 7-) parted, the narrow segments becoming strongly carinate

and somewhat winged on the back, covering the very small erect seed.

— In the mountains northeast of Monclova, Coahuila (1155). Allied

to C carinatum.

Atriplex parvifolia, HBK. (?) According very well with the

description, except that the fruiting bracts are usually not muricate.

At Parras, Coahuila (1156), and at San Luis Potosi (36 Schaffuer);

779 Parry & Palmer, referred to A. arenaria, and 780, in part.

Athiplex acanthocarpa, Watson. At Guadalupe, Texas (1 157).

Also at San Lorenzo de Laguna, Coahuila (1161), a stouter variety

with thicker, densely scurfy, and more sinuate-toothed and undulate

leaves. It was collected by Dr. Gregg at Bolson de Mapimi and

named Ohione pachylepis by Torrey in herbarium.

Atriplex Texana, "Watson. At Guadalupe (1158) and at Cor-

pus Christi, Texas (1159). 407 Bourgeau and 436 of Schaffner's

previous collection are very similar, but with more narrowly margined
and less crested fruit, and are jirobably A. linifolia, Humb. &, Bonpl,,

and A. pohjgama, Sesse.

Atriplex oppositifolia, "Watson. At Corpus Christi (1160).

Atriplex canescens, James. At Laredo, on the Rio Grande, at

San Lorenzo de Laguna and Parras. Coahuila (1163), and at San

Luis Potosi (35 Schaffuer) ; 782 and 783 Parry & Palmer.

EuROTiA LANATA, Moq. In the Sierra Madre, south of Saltillo

(1164).

CoRisPERMUM hyssopifolium, Linn., var. microcarpum, "Watson.

At Laredo, Texas (1165).
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SujEDA DIFFUSA, Watson. At Saltillo, Coabuila (11G7); 778.^

Parry & Palmer.

Su^DA ToRKEYANA, Watson (?) At Parras, Coahuila (11G8).

A very doubtful form, collected also by Gregg at Cienega Grande.

BoussiNGAULTiA BASELLOiDES, IIBK. la the Morales Mount-

ains, San Luis Potosi (SchafFner) ; cultivated.

RiviNA L^vis, Linn. At San Antonio, Texas (1170), and at

Guanajuato (Duges). Nearly smooth, large-flowered, and with loose

racemes, and perhaps to be so distinguished as only a variety of

a. /mmilis, to which species 77G Parry & Palmer is to be referred.

Phytolacca octandra, Linn. At San Luis Potosi (887 Schaff-

ner) ; 777 Parry & Palmer.

Phytolacca Mexicana, Sweet. Duges sends imperfect flower-

ing specimens, with fifteen stamens and about eight styles, probably

of this species (and P. purpurascens, Br. & Bouche), and not to

be referred to P. icosandra. Its popular name is
"
Congueran." It

is the P. octandra? of Hook, & Arn. Bot. Beechey, collected by

Barclay at Manzanilla and by Sinclair at San Bias, Tepic.

Eriogonum loxgifolium, Nutt. At Sutherland Springs (1171).

Eriogonum Jamesii, Benth. At Lerios, in the high mountains

east of Saltillo (1172).

Eriogonum tenellum, Torr. At Parras (1173) ; and var. cau-

LESCENS, Torr. & Gray, at Soledad, Coahuila (1174).
Eriogonum atrorubens, Engelm. In the Sierra Madre, south of

Saltillo (117o).

Eriogonum Greggii, Torr. «fe Gray. In the same locality (1176).

Eriogonum annuum, Nutt. At BlufTton, Texas (1177).

Eriogonu-M multiflorum, Benth. At Sutherland Springs (1178).
Eriogonum ciliatum, Torr. In the mountains east of Saltillo,

Coahuila (2088). Referred by Hemsley to E. atrorubens, Engelm.
Eriogonum Abertianum, Torr. Near San Rafael, San Luis

Potosi (873 SchafFner) ; 795 Parry & Palmer.

Eriogonum Wrightii, Torr. In the San Miguelito Mountains,
San Luis Potosi (874 Schaffner) ; 79G Parry & Palmer.

Polygonum aviculare, Linn. At San Antonio, Texas (1179).
Polygonum Pennsylvanicum, Linn. At Sutherland Springs,

Texas (1180), and near Morales, San Luis Potosi (882 SchaflTner).

Polygonum Persicaria, Linn. Near Morales (883 Schaffner).

Polygonum acre, Liim. At San Luis Potosi (884 Schaffner).

Rumex crispus, Linn. At Parras, Coahuila (1181), near Mo-
rales (903 Schaffner), and at San Luis Potosi (907 Schaffner).
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RuMEx Beulandieri, Meissn. At San Lorenzo do Laguna, Coa-

huila (1182).

RuMEX Mexicanus, Meissn. At San Luis Potosi (004 and 906

SchafFner) ; 794 Parry & Palmer, apparently.

Antigonon LEPTorus, Hook. & Arn. At Guanajuato (Duges).

Commonly known as " Coamecatl."

Aristolociiia euevipes, Benth. (A. Wrightii, Seem.) In the

Sierra Madre, south of Saltillo (1183).
— Var. acuminata is sub-

tomentose, instead of villous-pubescent, with the leaves narrow and

usually long-acuminate (1 to 2i- inches long), the basal lobes narrower

and often elongated. It was collected by Wright (1701) in aSTew

Mexico, by Thurber (1025) in Sonora, by Lemmon (272) in the

Santa Catalina Mountains, Arizona, and by Pringle near Camp
Lowell ; it is also in Schaffner's previous collection (47), from the

mountains near San Luis Potosi. 7GG Parry & Palmer in its foliage

connects with the typical form.

Aristolochia pardina, Duchartre. At Colima, where it is

known as " Iluaso" (Duges).
Anemopsis Californica, Hook. At Parras, Coahuila (1184),

near Santa Maria del Rio, San Luis Potosi (532 SchafFner), and at

Guanajuato (Duges) ;

" Yerba del Manzo."

Peperom.'a umbilicata, Ruiz & Pavon, var. macropiitlla,
C. DC. At San Luis Potosi (108 Schaffner), and at Guanajuato

(Duges) ; 802 Parry & Palmer.

Persea gratissima, Gaertn., var. Schiedeana, Meissn. In the

mountains near Santa Maria del Rio (116 Schaffner), and at Guana-

juato (Duges). Known as " Ahuacate."

LiTSEA glaucescens, HBK., var. subsolitaria, Meissn. In

the San Miguelito Mountains, San Luis Potosi (710 Schaffner), and

at Guanajuato (Duges) ; 798 Parry & Palmer.

Laurantiius calyculatus, DC. At Guanajuato (Duges) ; 800

Parry & Palmer. The specimens accord with the figure and descrip-

tion. They seem also to be the same as 18 Coulter and 342 An-

drieux, which are referred to L. Schiedeanus, Cham. & Schleeht.

That species, however, is described as having the leaves attenuate at

the apex and the flowers three inches long. The fruit with the

present specimens is oblong-obovate, 5 lines long ; embryo with 4 to

6 cotyledons. Known as "
Ingerto.

'

Euphorbia prostrata, Ait. At Sutherland Springs, Texas

(1196), at Monclova, Coahuila (1193), and at Monterey, Nuevo Leon

(1189) ; 816^ and 818 Parry & Palmer.
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EuriioitBiA SERPENS, IIBK. At Snn Lorenzo de Laguna, Coa-

huila (1192, 1195); 820 Parry & Palmer. Also var, kadicans,

Engelm., at Corpus Christi (1190), and Sutherland Springs (1191).

Euphorbia Serrula, Engelm. At San Lorenzo de Laguna

(1194) ; 810 Parry & Palmer, in part.

Euphorbia polycarpa, Beuth. At Monterey, Nuevo Leon

(1197), and at Juraz, Coahuila (1204), Also at San Lorenzo de

Laguna (1205), a stout form, from a thick woody root, the involucres

nearly smooth and unappendaged, and the capsules less pubescent.

Euphorbia maculata, Linn, At Bluffton (1198), Georgetown

(1202), and Sutherland Springs, Texas (1208, 2048, 2049), and at

Parras, Coahuila (1210).

Euphorbia villifera, Scheele. In the Caracol Mountains

(1199); and in the Sierra Madre, south of Saltillo, a more naked

form with coarsely toothed leaves, the same as 2084 Berlaudier.

EuriiouBiA gltptosperma, Engelm. At Laredo, on the Rio

Grande (1200), Guadalupe (1201), and Sutherland Springs (2047).

Euphorbia Fendleri, Torr, & Gray. At Sutherland Springs,

Texas (1203).

Euphorbia adenopteka, Bertol. At Soledad, Coahuila (1206),

at Morales (855 Schaffner) and San Luis Potosi (1034 SchafFuer, in

part), and at Guanajuato (Duges) ; 816 and 819 Parry & Palmer.

Euphorbia albomarginata, Torr. & Gray. At Sutherland

Springs (1207), and west of San Antonio, Texas (1212).

Euphorbia Preslii, Guss. At Sutherland Springs (2050) and

Bluffton, Texas (2051), at Parras (1209) and Monclova, Coahuila

(1211), at San Luis Potosi (856 Schaffner, in part), and at Guanaju-

ato (Duges) ; 808 and 814 Parry & Palmer, Somewhat variable in

pubescence, and quite so in the markings of the seeds, Schaffner's and

Dunes' specimens having the seeds deeply pitted, rather than rugose.

Popularly known as " Yerba de la Golondrina."

Euphorbia Cumbr^, Boiss. Agreeing very well with the de-

scription, but taller (6 to 9 inches high), the involucres pedicellate,

and capsule angled. In the mountains north of Monclova (1213).

Euphorbia zygophylloides, Boiss. At Sutherland Springs,

Texas (1214).

Euphorbia graminea, Jacq. At Parras, Coahuila (1215, 1216),

and at San Luis Potosi (863 Schaffner).

Euphorbia antisyphilitica, Zucc, In the mountains west of

Saltillo (1217), and about San Luis Potosi (867 Schaffner); 821

Parry & Palmer.
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EcpnoRBiA (Poinsettia) exclusa. Annual, erect, more or less

tomentose throughout, a foot high, the strict rather stout branches

becoming naked : leaves scattered, narrowly linear, attenuate to each

end, entire or serrulate, the margin becoming revolute, 1 to 1^ inches

long : involucres in a short terminal subsessile cyme, very shortly

pedicelled, tomentose, hemispherical, the broad truncate lacerate lobes

united at base in front of the very short orbicular tomentose glands :

styles very short, stout, bifid: capsule tomentose, 2 lines long: seed

carunculate, oblong-quadrate, obsoletely tuberculate and rugose, 1^
lines long.

— At San Lorenzo de Laguna, Coahuila (1218). Nearly
allied to E. eriantha.

Euphorbia margtnata, Pursh. At San Antonio, Texas (1219).

Euphorbia barbellata, Engelm. At Uvalde, Texas (1220).

Euphorbia heterophylla, Linn., var. graminifolia, Engelm.
At Uvalde (1221) and Georgetown, Texas (2052). Also a peculiar

form, with the linear-lanceolate leaves sharply serrate and near the

base coarsely toothed; at San Luis Potosi (859 Schaffner).

Euphorbia dentata, Michx. At Sutherland Springs, Texas

(1223), at Juraz, Coahuila (1222), and at Monterey, Nuevo Leon.

Also var. lasiocarpa, Boiss., at Parras, Coahuila (1224), and in

the San Miguelito Mountains, San Luis Potosi (858 Schaffner) ; 805

Parry &, Palmer.

Euphorbia campestris, Cham. & Schlecht. In the Sierra Madre,

south of Saltillo (1225, 2054), and at Parras, Coahuila (1227), at

Guajuco, Nuevo Leon (1226), in the San Rafael Mountains (865

Schaffner), and at San Miguelito (864 Schaffner) and San Luis Po-

tosi (866 Schaffner), and at Guanajuato (Duges) ; 803 Parry &
Palmer. Different forms, but apparently all belonging to this species.

Duges gives the popular name " Yerba del Coyote."

Euphorbia Lathyris, Linn. At Saltillo, Coahuila (2059) ; by
a garden fence.

Euphorbia angusta, Engelm. At Sutherland Springs, Texas.

Euphorbia acuta, Engelm. At Juraz, Coahuila.

Euphorbia (Cyttarospermum) tenera. A slender annual,

about a foot high, sparingly pubescent, several times dichotomous :

leaves thin, opposite, without stipular glands, shortly petiolate, ellip-

tical, acutish at each end, 4 to 8 lines long: peduncles in the forks

and terminal, solitary, 1 to 6 lines long: involucres glabrous, the tube

nearly a line long, pubescent within, with oblong entire lobes ; glands

prominent upon a broad stipe, with an oblong-ovate subconcave entire

whitish appendage, the whole as long as the tube : ovary slightly
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pubescent ; styles bifid.— Near E. delicatula, Boiss. In the Sierra

Madre, south of Saltillo (2053).

Euphorbia serpyllifolia, Pers. At San Luis Potosi (854

Schuffner, in part, and 1034 Schaffuer, in part) ; 810, in part, and

811 Parry &, Palmer.

Euphorbia ammatotriciia, Boiss. (?) Very variable, annual or

doubtfully perennial, glaucous and more or less villous, the leaves

from round-cordate to linear-oblong, often coarsely toothed ; the reni-

form glands with more or less conspicuous white appendages ; capsule

comparatively large, acutely angled ; seed smooth.— At San Luis

Potosi (854 Schailner, in part, and 856, in part) ; 813 Parry &
Palmer.

Euphorbia radians, Benth. In the San Miguelito Mountains

(857 Schaffner) ; 822 Parry & Palmer.

Euphorbia sph^rorrhiza, Benth. At Morales, San Luis Po-

tosi (861 SchafPner) ; 807 Parry & Palmer.

Euphorbia caltculata, HBK. (?) At Guanajuato (Duges).

An imperfect specimen, with leaves (4 inches long) very acute and

bristle-tipped, the lower side with the petiole and stem more or less

tomentose ; peduncles short and stout ; floral bracts wliite, ovate, ses-

sile, 4 lines long ; lobes of the involucre broad and short, fimbriate ;

style short and stout.

Euphorbia (Zygophyllidium) biformis. Stems herbaceous

from a tuberous root, a foot high or less, slender, dichotomous, puber-

ulent: glandular stipules minute or obsolete; leaves opposite, shortly

petioled, linear (| to 2 inches long by 1 or 2 lines broad), or narrowly

ovate-oblong (4 to 10 lines long by 2 to 4 broad), entire, obtuse,

rounded or cuneate at base : peduncles short, axillary and terminal : in-

volucres with inflexed quadrate lacerate lobes ; appendages 4, rounded,

whitish: styles short, thick, bifid: capsule \\ lines broad: seeds with-

out caruncle, ovate, § of a line long, irregularly pitted and tuberculate.

— In the San Miguelito Mountains, San Luis Potosi (860 and 862

Schaffner) ; 806 Parry & Palmer. Collected by Schaffuer in two

forms, but differing only in foliage, as described.

Phyllanthus polygonoides, Spring. In the Caracol Mountains

(1228), at Monclova, Coahuila, and at Monterey, Nuevo Leon (1229.)

Jatropha Berlandieri, Torr. At Laredo, Texas (1231).

Jatropha spathulata, Muell. Arg., var. sessiliflora, Muell.

At the same locality (1234), and at San Luis Potosi (Schaffuer) ; 830

Parry & Palmer. The leaves on the more vigorous shoots are usu-

ally deeply 3-lobed, as in the typical form. Dr. Gregg gives the



152 PROCEEDINGS OP THE AMERICAN ACADEMY

popular name "
Sangre de Drago

"
or "

Sangregrada" ; according to

Schaffiier it is known as "
Sanope Drau." The root is said to be

used as a remedy for diarrhoea and dysentery.

Croton FRUTicuLOSUS, Torr. At Uvalde, Texas (1235).

Croton Torreyanus, Muell. Arg., var., with the leaves mostly
blunt and mucronulate at the apex. At Monclova, Coahuila (123G).

201 Gregg and 640 Wright are the same.

Croton maritimus, Walt. At Corpus Christi, Texas (1237).

Croton capitatus, Michx., var. Lindheimeki, Muell. Ai-g. At

Laredo, on the Rio Grande (1238).

Croton Palmeri. Annual, with the habit of G. glandulosus, a

foot high or more, repeatedly dichotoraous, stellately pubescent and

roughish : leaves without glands or stipules, lanceolate, acute, round-

ish or subcuneate at base, entire, ^ to 1^ inches long, on slender peti-

oles : flowers clustered, male and female together, in the axils, shortly

pedicelled : calyx-lobes .5, in the female flowers oblanceolate, but

sligiitly unequal, becoming 2 or 3 lines long: stamens 8: styles

2-parted, the filiform lobes pubescent : capsule depressed-globose,

equalling the calyx, pubescent: seeds finely rugulose, 1| lines long.— At Soledad, Coahuila (1239).

Croton gracilis, Muell. Arg. At Monterey, Nuevo Leon

(1240), and at San Luis Potosi (871 Schaffuer) ; 828 Parry &
Palmer. Known as " Yerba del Zorillo."

Croton Lindheimerianls, Scheele in Linnosa, 25. 580, not Muell.

Arg. (C. ellipticus, Muell. Arg. in DC. Prodr. 15^. G88, not Nutt.

G. eutrigynus, Gray, Manual.) At Laredo, Texas (1241).

Croton Texensis, Muell: Arg. (C. vireiis, Muell. Arg.) At

Bluffton, Texas (1242).

Croton monanthogynus, Michx. (G. ellipticus, Nutt.) At San

Antotiio, Texas (1243).

Croton glandulosus, Linn., var. Lindheimeri, Muell. Arg.
At Sutherland Springs, Texas (1244). Also var. septentrionalis,

Muell., at Lamar, on Copano Bay, Texas (2056).

Croton corymbulosus, Engelm. (G. Lind/teimerianus, Muell.

Arg. in DC. Prodr. 15-. 579, not Scheele.) At Soledad (1245).

Croton morifolius, Willd., var. spii^rocarpus, Muell. Arg.

At Guanajuato and Penjamo (Duges) ; 829 Parry & Palmer. Known

as"Palillo."

Croton ? Low and shrubby, with roughish stellate pubes-

cence, close and subtomentose on the young leaves and branches :

leaves ovate to oblong-ovate, obtuse, subcordate at base, becoming
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rigid and rough above, more densely pubescent beneath, | to 1 ^ inches

long; petioles 2 to 4 lines long; glands none and stipules obsolete:

racemes short (6 to 10 lines), the pistillate flowers few and solitary at

the base: stamens 15: petals villous at base: pistillate calyx a line

long : styles once parted : capsule densely stellate-pubescent, nearly 4

lines long, tlie smooth seeds nearly 3 lines long.
— Of the Eucroton

section and allied to the last species, apparently undescribed. In the

San Miguelito Mountains, San Luis Potosi (872 Schaffner).

Argytiiamnia HUMiLis, Muell. Arg. At San Antonio (1248),

Laredo (1247), and Corpus Christi, Texas (1230).

Argtthamnia Neo-Mexicana, Muell. Arg. At Monclova (1246),

and San Lorenzo de Laguna, Coahuila (1250).

Argytiiamnia mercurialina, Muell. Arg. (?) The petals of the

male flowers ovate with a broad short claw, acute, somewhat undulate,

the glands wanting or wholly adnate to the thick stamineal column :

petals of the female flowers obsolete and glands very small ; fruiting

calyx-lobes only H lines long: pubescence scanty, appressed.
— At

Sutherland Springs, Texas (1249).

Bernardia myric^folia, Watson. At Monclova, Coahuila (322,

1232).

Bernardia (?) fascicdlaTxV, A much-branched leafy shrub, 5

feet high or more, aj^parently dioecious, the young branches canescent

with a short close silky pubescence : leaves in numerous sessile fas-

cicles, or alternate on young shoots, rather thick, spatulate or oblan-

ceolate, 2 to 4 lines long, glabrous or nearly so, entire : male flowers

fascicled, on slender pedicels about a line long, glabrous ; sepals

5
;

stamens 3 to 5, free, surrounding a fleshy disk or rudimentary

ovary, the short-oblong terete anther-cells attached near the top :

female flowers very nearly sessile ; calyx very small : ovary appressed-

silky ; stigmas thick, obscurely lobed : capsule sessile or nearly so,

puberulent, subglobose with a deep depression at base, not deeply

lobed, and cocci 2-valved, 3 or 4 lines long : seeds flattened-obovate,

smooth, with a prominent caruncle partially covered by the raised

testa.— An anomalous species of doubtful position, only provisionally

referred to Bernardia. It appears to be allied to Bernardia and, per-

haps more nearly, to Adelia, but differs essentially from both. In

the mountains northeast of Monclova, Coahuila (1233) ; collected also

by Gregg on the plains southwest of San Pablo, in April, 1847, —
staminate specimens only,

— and by Thurber (837), at Saucillo, Chi-

huahua, in fruit. Palmer's specimens, collected in September, are in

fruit and with pistillate flowers in some of the leaf-fascicles.
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AcALYPHA PHLEOiDES, Cav. At Saltillo (1251), uud in the Sau

Miguelito Mountains, San Luis Potosi (33 Schaffiier).

AcALYPiiA LiNDHEiMERi, Muell. Arg. At Moudova, Coahuila ;

826 and 826^- Parry & Palmer, referred to the last s|)ecies.

AcALYPHA RADIANS, Torr. West of San Antonio, Texas (1253).

AcALYiTiA ANEMioiDES, HBK. At San Luis Potosi (31 SchafE-

ner) ; 825 Parry & Palmer.

AcALYPiiA Neo-Mexicana, Muell. Arg. At San Luis Potosi

(32 Schaffner) ; 737 Parry & Palmer, referred to A. Virghiica,

which probably does not occur in Mexico.

AcALYPHA VAGANS, Cav., var. GLANDDLOSA, Muell. Arg. At San

Luis Potosi (34 Schaffner). Quite variable. Probably the same as

the plant thus referred by Mueller, but apparently as distinct from

Cavauilles' species as several of the species of this group in the Pro-

dromus.

Tragia nepet^folia, Cav. At Monterey, Nuevo Leon.— Also

a variety with only sinuate leaves, rarely toothed toward tlie base,

with a deep sinus and rounded basal lobes ; at Laredo, on the Rio

Grande (1254).
— Also var. (?) angustifolia, Muell. Arg. ; at Suth-

erland Springs, Texas (2057). The narrow leaves are nearly sessile

(as in Berlandier's specimen).

Tragia urtic^folia, Michx. At Guanajuato (Duges), where it

is known as "
Ortiguilla

"
; 827 Parry & Palmer, referred to A. stylaris.

It is not easy to clearly separate this species (from which A. macrocarpa,

Willd., is certainly distinct) from the last.

Stillingia sanguinolenta, Muell. Arg., var. angustifolia,

Muell. At Guajuco, Nuevo Leon (1255) ; referred by Ilemsley to

S. sylvatica. With starainate flowers only, and many of the leaves

alternate.

Stillingia angustifolia, Engelm. in herb. {S. sylvatica, vars.

angustifolia and linearifolia, Muell. Arg.) Distinguished from

S. sylvatica by the narrowly linear very acute leaves, the somewhat

smaller capsule with flatter gynobase, and the quite smooth seed. —
At Sutherland Springs, Texas (1256).

Stillingia Torreyana, Watson. Apparently perennial. It is

nearly certain that Sebastiuna Treculiana, Muell. Arg., is not distinct.

At Eagle Pass, Texas (1257), and at Monterey, Nuevo Leon (1258).

Callitriche Austini, Engelm. Near Morales, San Luis Potosi

(123" Scliaff"ner, in part).

Callitriche iieterophylla, Pursh. With the last, and under

the same number.
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Callitriche verna, Linn. Same locality (123'' Scliaffiier).

Ulmus crassifolia, Nutt. At San Antonio, Texas (12J9).
Celtis reticulata, Toit. At Uvalde, Texas (1200). A form

with small entire leaves (1 to 1^ inches long), less hispid than usual.

Celtis Berlandieri, Klotzsch. At Monterey, Nuevo Leon

(12G1). Not clearly distinguished from C Mississippiensis, Bosc.

Celtis pallida, Torr. Eeferred by Planchon to C. Tula, Gill.,

from which it differs in at least the fine cinereous pubescence and the

rou2,h and blunter (usually obtuse) leaves. At Laredo, Texas (159).

Cannabis sativa, Linn. At Guanajuato (Diigus) ; known as
" Marihuana."

Urtica spirealis, Blume, var. (?) Near U. MageUanica, Poir.,

but with smaller stipules (linear, 2 lines long), and with smaller and

less crowded flowers and fruit. At Guajuco, Nuevo Leon (12G2).

Urtica urens, Linn. At Corpus Cbristi, Texas (12G4); 833

Parry & Palmer.

Urtica cham^dryoides, Pursh. At Monterey (1265).
Bceiimeria ctlindrica, Willd. At San Antonio, Texas (1203).
Parietaria officinalis, Linn. (?) Referred to this species at

Kew, but perhaps distinct. At Guajuco, Nuevo Leon (12GG).

Parietaria Floridana, Nutt. Considered by Weddell as a

variety, first of P. debilis, and afterwards of P. Pennsyloanica ; prob-

ably distinct from both. In the mountains east of Saltillo (12G7),
and in the San Miguelito Mountains, San Luis Potosi (39 Schaffner) ;

832 Parry & Palmer.

Platanl'S Mexicana, Moric. Distinguished from P. racemosa by
the shorter and broader lobes of the leaves (densely white-tomentose

beneath), and by the larger fruit with the akenes tomentose to the

summit. At Monterey, Nuevo Leon (1268) ; 834 Parry & Palmer.

Platanus Lindeniana, Mart. & Gal. Differinw from the last in

the more ferruginous and less persistent tomentum, and in the long-

acuminate leaf-lobes. At Monclova, Coahuila (1269); referred to

P. racemosa.

Carya. oliv^formis, Nutt. At Georgetown, Texas (1271, 1272,

1273, 200-3) ; 835.V Parry & Palmer (the same number is cited by

Hemsley under G. Mexicana^ which should be 83 4i).
Jug LANS rupestris, Engelm. At Uvalde, Texas (1270).
JuGLANS nigra, Linn. At Georgetown, Texas (2002).

QuERCUs viRENS, Ait. At Sutherland Springs (1274), Laredo

(1276), Uvalde (1279), and Georgetown, Texas (1280, 2004), and at

some locality in Mexico (2003).
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QuERCUS DuRANDi, Buckley. At Sutherland Springs (1275).

QuEiicus STELLATA, Willd. At Georgetown, Texas (1281).

QuERCUS NIGRA, Liun. Same locality (1282).

QuERCUS cocciNEA, Wang. At Sutherland Springs (1283), and

Georgetown, Texas (1284).

QuERCUs MACROCARPA, Michx. At Georgetown, Texas (1285).

QuERCUS GRiSEA, Llebm. In the Sierra Madre, south of Saltillo

(1278),
— a small tree, twenty feet high and rarely over a foot in

diameter.

QuERCUS CASTANEA, Nee (?),
—

foliage only. At Guanajuato

(Duges) ; 839 Parry & Palmer, a variety.

QuEHCLS ? Resembling forms of Q. castanea, but with thin-

ner acuminate leaves, sparingly stellate-tomentose, the slender pedicel

and the thin turbinate-campanulate cup hoary-tomentose. In the

Sierra Madi-e, south of Saltillo (1277). "Red Oak"; often thirty or

forty feet high.

QuERCUS CRASSIFOLIA, Humb. & Bonpl. In the San Miguelito

Mountains, San Luis Potosi (897 Schaffner) ; 836 Parry & Palmer.

QuERCUS RETICULATA, Ilumb. & Bonpl. (?),
—

foliage only. Mount-

ains near San Luis Potosi (896, 898 Schaffner), and at Guanajuato

(Duges). Some of the leaves are over a foot long and 8 inches

wide.

QuERCUS TOMENTOSA, Willd. (?),
—

foliage only. Mountains near

San Luis Potosi (899 Schaffner).

QuERCUS CONFERTIFOLIA, Ilumb. & Bonpl. In the Santa Rosa

Mountains, Guanajuato (Duges).

Salix BoNi'LANDiANA, HBK. In the mountains east of Saltillo

(1286), and about San Luis Potosi (895 Schaffner).

Salix taxieolia, HBK. At Morales, San Luis Potosi (893

Schaffner) ;
840 Parry & Palmer.

Salix ? In the San Miguelito Mountains, San Luis Potosi

(894 Schaffner). A well-marked and apparently very distinct species.

Hoary-toineutose, the leaves glabrate above, narrowly lanceolate, acute,

cuneate at base, irregularly and rather bluntly serrulate, 2 to 4 inches

long ; petioles 2 to 4 lines long : pistillate aments appearing after the

leaves, sessile, dense, very short (6 lines lung or less) ; bracts very

densely villous : ovary glabrous or nearly so.

Populus alba, Linn. ; a variety with ovate-orbicular or subreni-

form-ovate leaves, sparingly sinuate or entire. At San Luis Potosi,

in cultivated grounds (892 Schaffner) ;
8421 Parry & Palmer. 842

Parry & Palmer is P. nigra, Linn.
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PoPDLUS Fremonti, Watson, var. (?) Wislizeni, "Watson. In

cultivated places about San Luis Potosi (891 SchafFiier) ;
S4'3 Parry

& Palmer. One of the several forms that are provisionally referred

to this species.

Ceratopiiyllum demersum, Linn. At San Lorenzo de Laguna,

Coahuila(1287).
Ephedra pedunculata, Engelm. Ms. A strongly marked and

very distinct species, the slender elongated stems 6 to 10 feet long and

climbing over surrounding bushes: leaves and fruit-scales in pairs, the

latter more or less connate and becoming at length fleshy and forming

a red edible pedunculate fruit: seed in pairs: anthers 5 to 7, stipitate.

— At Uvalde, Texas (1291), at Saltillo (1289) and Juraz, Coahuila

(1290), and at San Luis Potosi (Schafifner) ;
805 Parry & Palmer.

Ephedra antisypiiilitica, Meyer. At Sutherland S[)rings,

Texas (1292). This species has been variously confused with the last

and with B. Nevadensis, owing to the very imperfect state of Berlan-

dier's original specimens and the difficulty of finding characters by

which to identify them. An examination of the single spike (stami-

nate) on his specimens in the Gray herbarium shows satisfactorily that

they are distinct from E. pedunculata, while the locality in which they

were found (McMuIlen County, Texas) makes it certain that they

cannot be the same as E. Nevadensis, which is not known to occur

either in Texas or New Mexico. The common species of Western

Texa«, with which it may be considered as identical, is a rather stout

and rigid bush, with opposite leaves and scales, the latter more or less

connate but becoming less fleshy than in the last, and the spike more

shortly pedunculate or subsessile : seed solitary : anthers 4 or 5,

sessile.

Ephedra aspera, Engelm. Ms. Distinguished from the last by
the very rough branches, the fruit-scales all distinct and probably not

becoming fleshy, and the seed in pairs.
— In the Siei'ra Madre, south

of Saltillo, Coahuila (1288). Collected also by Gregg (53) west of

Cartamullo.

Cupressus Arizoxica, Greene. In the Sierra Madre, south of

Saltillo (1293). 848 Parry & Palmer appears to be the same, but

with more prominent and curved bosses upon the cones, as in C. Ben-

thami, from whicli it diifers only in its more glaucous foliage. It is

doubtful whether the two species are distinct.

Cupressus Benthami, Endl. Staminate specimens from the same

region (1294), referred by Ilemsley to Juniperus Jlaccida, but agreeing

in every respect with this species.
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JuNiPERUs FLACCID A, Schlecht. From the same region (1295,

referred to J. tetragona), and in the San Miguelito Mountains, San

Luis Potosi (905 Sciiaffner) ; 853 Parry & Palmer.

JuNiPERUS Mexicana, Schiede (as determined by Engelmann).
In the Sierra Madre, south of Saltillo (1296).

JuNiPEKUs occiDENTALis, Hook., var. CONJUNGENS, P'ngelm. At

Georgetown, Texas (1297).

Taxodium distichum. Rich. At Uvalde, Texas (1298).

Taxodium mucronatum, Ten. At Santa Ana Pacueco, Guana-

juato (Duges).
PiNus latisquama, Engelm. in Gard. Chron. 2. 18. 712, fig. 125.

Bark reddish brown, scaly, \ inch thick or less, on the younger branches

smooth and thin ; branchlets very slender : leaves in threes, very slen-

der, 2 to 4 inches long, entire, with short triangular bracts and close

thin caducous sheaths (3 lines long) : cones peduncled and subter-

minal, snbcylindrical-ovatc, about 3 inches long; scales chestnut-brown

and shining, obliquely rhombic, transversely carinate, with depressed

umbo and a short stout closely inflexed prickle, the middle scales 8 to

12 lines broad, the lower becoming strongl}'^ tubereulate and reflexed :

seeds wingless, 6 to 8 lines long.
— Dr. Engelmann's description and

figure of the foliage appear to have been, through some mistake in the

specimens sent to him, from that of the next species. In the Sierra

Madre, south of .Saltillo (1299), seen only in a single locality, on each

side of a long mountain pass. Not very tall, with numerous rather

slender branches.

PiNUS Ayacahuite, Ehrenb. {P. strohiformis, Engelm. in Wisliz.

Eep. 102.) From the same region ; a large tree ; wood soft and easily

worked. " White Pine"; "Acanita."

Pjnus cembroides, Zucc. P^rom the same region, and from the

mountains east of Saltillo, the dwarf pine or pinon of the canons
;

846 Parry & Palmer.

PiNus Montezuma, Lamb. From the Caracol Mountains, south-

east of Monclova, Coahuila.

Pixus Teocote, Cham. & Schlecht. (?) In the Sierra Madre,

south of Saltillo ; 844, 844^- Parry & Palmer. " Pino real
"

;

" Red

Pine." A tall, large, and straight tree, with very firm and compact

bark, the timber solid and very durable.

Abies reltgiosa, Schlecht. In the same region.
" Huallame."

Fine timber for carpenters' uses.

PSEUDOTSUGA DouGLAsii, Engelm. From the same region ;

known as " Hallarin."
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MiCROSTTLis FASTiGiATA, Reichenb. f. (?) Sepals and petals thin :

lip broadly ovate and somewhat auricled, shortly acuminate, deeply

concave and with a shallow pit on each side of the thickened midvein.

— In the Caracol Mountains, Coahuila (1300). The same as 914

Ghiesbresfht.

MiCROSTTLis MONTANA, Rothr. In the San Miguelito Mountains,

San Luis Potosi (517 Schaffner) ; 858 Parry & Palmer. This may
be the same as Malaxis elliptica, Rich. & Gal.

Hf.xalectris aphtlla, Raf. {Bhtia aphylla, Nutt.) In the

Sierra Madre, south of Saltillo (200G), and in the San Miguelito

Mountains (3IG Schaffner) ; 861 Parry & Palmer.

Bletia campandlata, Llave (?). In the San Miguelito Mount-

ains (518 Schaffner), and at Guanajuato (Duges). The same as 905

Ghiesbreght.

Craniciiis Schaffneri, Reichenb. f. In the San Miguelito

Mountains (507 Schaffner).

Speiraxtiies cinnabarina, Benth. & Hook. {Stenorhynchus cin-

nabarimts, Lindl.) In the Caracol Mountains, Coahuila (Palmer),

and at Guanajuato (Duges).
Speiranthes aurantiaca, Benth. & Hook. (Stenorliynclms awan-

iiacus, Lindl.) At Guanajuato (Duges).

Speiranthes ? In the San Miguelito Mountains (511

Schaffner,)

Speiranthes ? In the Morales Mountains, San Luis Potosi

(512 Schaffner).

Speiranthes ? In the Alvarez Mountains, San Luis Potosi

(513 Schaffner).

Speiranthes ? In the Hoorez Mountains, San Luis Potosi

(514 Schaffner) ; 857 Parry & Palmer. All these are well-marked

and, so far as appears, undescribed species.

Hadenaria voLCANfCA (?) {Phtanthera volcamca, Lindl.) In

the Sierra Madre, south of Saltillo (Palmer).
Habenaria ? In the San Miguelito Mountains (508 Schaff-

ner) ; 8G0 Parry & Palmer.

Cypripediuji molle, Lindl. At Guanajuato (Duges).
Hechtia glomerata, Zucc. Near Morales, San Luis Potosi (501

Schaffner) ; 877 Parry & Palmer. The staminate inflorescence is

branched and less pubescent than the fertile.

TiLLANDSiA recurvata, Linn. At San Luis Potosi, growing

upon cactus (530 Schaffner), and at Guanajuato (Duges) ; 872^- Parry
&, Palmer. Duges gives the popular names " Heno "

and " Pastle."
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Iris Missouriensis, Nutt. At Lerios, in the high mountains east

of Saltillo (1302).

Iris Florentina, Linn. In the same region (2009). Unlike

any native North American species, and probably cultivated.

TiGRiDiA VanHouttei, Roezl. At Guanajuato (Duges). Known
as "

Jahuiqiie
"

; bulbs eatable, with the taste of chestnuts. The

same as 79 and G28 Ghiesbreght.

Nemastylis tenuis, Benth. & Hook. (C/iIamydosfylis tenuis.

Baker.) At Guajuco, Nuevo Leon (2008). Flowers indigo-blue.

Nemastylis multiflora, Benth. & Hook. [Chlamijclostijlis mul-

tijloriis, Baker.) At Morales, San Luis Potosi (538 Schaifner) ;

Parry & Palmer, without number. This is probably Baker's species

in part. The flowers are larger than described by him, the perianth

being 12 to 14 lines long, and the column of filaments nearly half an

inch long. The capsules are oblong, 8 lines long ; seeds obliquely

oblong-ovate, finely tuberculate ; connective as broad as the anther-

cells.

Neaiastylis nana. Bulb small, with dark brown coats : leaves

very narrow, 3 to 6 inches long : scape an inch or two long, bearing a

single elongated leaf" and one or two peduncles; spathes 9 lines long,

the outer valve shorter and acuminate, the inner acute and closely

convolute, 1-flowered; pedicel included: perianth greenish white, the

nearly equal segments 4 to 7 lines long: staniineal tube a line long,

the anthers with very narrow connective, 3 lines long : styles half as

long, very slender, ascending: capsule oblong-ovate, 3 lines long.
—

In the Escabrillos Mountains, San Luis Potosi (539 SchafFuer) ; 887

Parry & Palmer.

SiSYRiNcmuM TENUiFOLTUM, Humb. & Bonpl. At Lerios, Coahuila

(1301), and near Morales, San Luis Potosi (528 Schaffner) ;
878 and

880 Parry & Palmer, and 523 and 2G64 Bourgeau. It is the same

also as 231 Hartweg, which is probably the type of S. Ilartwegi,

Baker, of which the name only appears to have been published, with-

out description or other means of identification.

SiSYRiNCHiuM SCABRUM, Cham. &, Schlecht. At Lerios, Coahuila

(2007), near Morales (529 Schaffner), and at Guanajuato (Duges).

Differing little, except in its scabrous margins, from S. anceps, Cav.,

which also occurs in Mexico (Gregg; 222 Hartweg; 879 and 879 J

Parry & Palmer).

SiSYRiNCHiUM ScHAFFNERi. Root of slender fibres : scape simple,

1 to 4 inches high, equalling or exceeding the rather broad leaves (J

to over 1 line wide) ; margins distantly serrulate : spathe 2-6-flowered,
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the inner valve about 6 lines long, the outer usually longer : flowers

yellow, the acute segments 3 lines long : capsule obloug-obovate, more

or less narrowed at base, 2 or 3 lines long.
— At San Luis Potosi

(527 Schaffner) ;
881 Parry & Palmer.

Hypoxis DECU3IBENS, Linn. At San Luis Potosi (545 Schaffner) ;

871 Parry & Palmer. Collected by Mr. Lemmon in the Huachuca

Mountains, Arizona.

CooPERiA Drummondii, Herb. At Laredo, Texas (1304).

Zephyranthes Texana, Herb. {Hippeastrum Texanum, Baker.)

At San Antonio, Texas (1305).

Zephyranthes concolor, Benth. & Hook. {Hippeastrum con-

color, Baker.) At Morales, San Luis Potosi (540*^ Schaffner) ; 868

Parry & Palmer.

Zephyranthes pallida, Roem. At San Luis Potosi (541

Schaffner) ; 869 Parry «fe Palmer.

Zephyranthes carinata, Herb. At Guanajuato (Duges).

Known as "
Mayo."

Zephyranthes aurea. Distinguished from Z. Texana by the

shorter and stouter peduncle (rarely over ^ inch long), the yellow

perianth of the same color outside or usually greenish, the capsule

much larger (G lines long), and the larger seeds (3 lines long).
—

From Texas to Arizona and Mexico. At Laredo, on the Rio Grande

(1303), and at San Luis Potosi (540 Schaffner) ;
870 Parry & Palmer.

Collected also at Fort Davis, Texas, by Dr. J. B. Girard ;
in New

Mexico by Wright (1904), and near Silver City by E. L. Greene;

in Arizona, near Fort Huachuca, by J. G. Lemmon ; and in Mexico

by Gregg (491).

Bomaria ACUTiFOLiA, Herb. At Guanajuato (Duges).

Bravoa geminiflora, Llav. & Lex. Same locality (Duges),

Beschorneria tdbiflora, Kunth. Li the Morales Mountains,

San Luis Potosi (504 vSchaffiier) ; 866 Parry & Palmer.

Agave maculosa, Hook. At Guadalupe, Texas (1306).
Agave guttata, Jac. & Bouche. In the Morales Mountains (505

Schaff'uer) ;
865 Parry &, Palmer. The specimens accord with the

description given by Baker (Gard. Chron. 2. 8. 808), except that the

leaves are distinctly serrulate and the flowers smaller (less than an

inch long, the filaments an inch long). Known as "
Lechuguilla."

Agave variegata, Jacobi. In the San Miguelito Mountains (506

Schaffiier). Filaments (about 15 lines long) scarcely more than half

as long as described and figured, and the leaves even more distinctly

serrulate than in the last. Also known as "
Lechuguilla."

VOL. XVIII. (n. S. X.) 11
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Agave revoluta, Klotzsch (?) At Saltillo, Coahuila (1307).

Much resembling the last, but the leaves more undulate and not at

all serrulate, and the tube of the perianth somewhat longer and

narrower.

Agave asperrima, Jacobi. Acaulescent: leaves few, narrowly
oblanceolate and long-acuminate, 2 feet long by 3 or 4 inches wide,

channelled, glaucous and rough, terminating in a slightly decurrent

brown slender spine 1^ to 3 inches long, and with broad brown spines

upon the fleshy margin, 4 to 8 lines long, reflexed and often variously

curved : flowers numerous, panicled ; ovary linear, 9 lines long ;

perianth-tube 6 lines long, with the stamens inserted on the middle ;

segments 10 lines long: filaments about 2 inches long: capsule ses-

sile, oblong, 1| to 2 inches long: seeds smooth, 3 lines long.
— At

San Lorenzo de Laguna, Coahuila (1309), and in cultivation at Cam-

bridge. Of the A. Americana group, and remarkable for its rough

glaucous leaves and very long spines. The species has been referred

by Baker to A. Salmiana, but proves to be very distinct. Seeds have

been distributed by Dr. Engelmann under the name A. loiigispina.

Agave Wislizeni, Engelm. In the Caracol Mountains, southeast

of Monclova, Coahuila (1310).

Agave Americana, Linn. At Monclova, Coahuila (1313).

Agave (?) Flowers only, in a large panicle: ovary an

inch long or more: perianth 18 lines long above the ovary, very

fleshy, the broad tube about 4 lines long, and the very stout filaments

(3 inches long) adnate over two thirds of its length.
— At Saltillo

(1308).

Agave falcata, Engelm. Leaves numerous, a foot long, very

rigid, falcate, sharply serrulate, the terminal spine 1 to IJ inches

long : flowering stem 5 feet high ; flowers as described : capsule 6

lines long, deeply channelled on the sides, coarsely striate, tardily de-

hiscent: seeds U- to 2 lines long.
— At Parras, Coahuila (1314).

Agave bracteosa, Watson ; Engelm. in Gard. Chron. 2. 18. 776,

figs. 138, 139. Acaulescent, with narrow fleshy minutely serrulate

leaves, 1 1 to 2 feet long, attenuate from near the base to an herba-

ceous tip : flowering stem 3 feet high, covered with numerous recurved

subulate-filiform bracts, 4 to 6 inches long or more : flowers in pairs

in a very dense spike, subtended by short membranous bracts ; ovary

and perianth each 6 lines long, the latter divided very nearly to the

base: filaments 2 inches long: capsules oblong, 6 lines long.
— On

mountain cliffs fifteen miles from Monterey, Nuevo Leon (Palmer) ;

in cultivation at Cambridge.
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Agave Victori^-regin^, Moore. On gravel-banks in the same

locality (Palmer), and iu cultivation at Cambridge, where it has flow-

ered (Gard. Chron. 2. 18. 841, fig. 149). Flowering stalk over 10

feet high, the flowers by threes in a very dense spike : perianth 9

lines long, exceeding the ovary : filaments 15 lines long, inserted on

the middle of the very short tube.

DioscoREA ? At Guanajuato (Duges). A staminate speci-

men, with small hexandrous flowers in simple short-pedunculate ra-

cemes shorter than the cordate acuminate leaves : finely pubescent.

Known as " Camote del Cerro."

DioscOREA ? At Guanajuato (Duges). Staminate speci-

mens of a very delicate slender glabrous species, with minute green-
ish 3-androus flowers in short simple racemes rather exceeding the

small cuspidate oblong-cordate leaves.

Smilax Bona-nox, Linn. (S. tamnoides, Gray, Manual.) A form

with auriculate-lanceolate acuminate leaves, subcordate at base, 3-5-

nerved. Collected by SchafFner, but the ticket lost.

Yucca angustifolia, Pursh, var. mollis, Engelm. ; with the

narrow (2^ to 4 lines wide) and rather rigid pungent leaves of var.

elata. At Uvalde, Texas (1312).

Yucca rupicola, Scheele, var. rigida, Engelm. At Monclova,
Coahuila. Flowering stem 8 to 10 feet high ; leaves 15 to 18 inches

long by 4 or 5 lines broad, scarcely pungent : capsules 2 to 2| inches

long, acuminate, the valves not splitting at the apex : seeds 3 Hnes

broad. Known as " Amole."

NoLiNA LiNDHEiMERiANA, Watson. At Sutherland Springs (1316).
NOLINA HUMiLis, Watson. Near San Miguelito, San Luis Potosi

(502 Schaffner) ; 875 Parry & Palmer. Palmer also collected in the

Sierra Madre, south of Saltillo, a staminate specimen with the flower-

ing stem and inflorescence (a foot high) coarsely rough-pubescent,
the bracts narrower at base, longer and more attenuate, and the leaves

more or less rough on the back. This may be the same as 874 Parry
& Palmer (the specimen in the Gray herbarium insuflicient for deter-

mination), which Mr, Baker has separated under the name Beaucarnea

Watsoni.

Dasylirion glaucophyllum, Hook. (?) A fruiting specimen
not positively referable to any of the described species. Leaves 4

feet long, somewhat glaucous at base, the margins between the teeth

only very minutely serrulate, and the thin extremity not splitting into

threads but dying and breaking off ; base 2i inches wide •

flowering
stem 10 feet high, the numerous crowded erect panicles shorter than
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the broad conspicuous bracts (mostly 3 inches long) : fruit closely re-

sembling that of" i). Wheeleri.— At Monclova, Coahuila.

Dastlirion acrotrichum, Zucc. At San Luis Potosi (500

Schaffner) ; 876 Parry & Palmer. Referred by me (Proc. Amer.

Acad. 14. 249) to D. graminifolium^ Zucc, but Mr. Baker is probably

more correct in considering it a form of D. acrotrichum. Known as

« CuchariUa."

Anthericum stenocarpum, Baker. {Hesperanthes stenocarpa,

Watson.) At Lerios, Coahuila (2012).

Anthericum leptophyllum, Baker. {Hesperanthes leptophylla,

"Watson.) In the San Miguelito Mountains, San Luis Potosi (543

Schaffner) ; 890 Parry & Palmer, in part. Mr. Bentham's judgment
is yielded to in retaining these species in Anthericum.

Echeandia terniflora, Ort. At Guanajuato (Duges) ; 890

Parry & Palmer, in part.

Glyphosperma * Palmeri. Glabrous : stem 1 or 2 feet high,

usually sparingly branched : leaves membranously sheathing at base,

6 to 1 inches long ; racemes loose ; pedicels erect, 2 or 3 lines long :

perianth-segments oblong, obtuse, 4 or 5 lines long, with a broad

brown midnerve : outer filaments a half shorter than the inner and

with a somewhat more dilated base : stigmas salmon-colored : capsule

2 lines long : seeds with 3 or 4 furrows on the back and usually 3

pits on each side.— In sandy valleys at Saltillo, Coahuila (1320), and

in cultivation at Cambridge.
Hemiphylacus * LATiFOLius. Tubcrous roots dilated downward,

6 inches long or more
;
caudex covered with the fibro-membranous

bases of old leaves: leaves thin, nearly a foot long, 8 to 12 lines

broad : stem sparingly branched, 2 feet high : racemes elongated,

* The following new genera are proposed. The first, belonging to Ben-

tham's subtribe Antliericem, is remarkable for the large colored stigmas, the

peculiar filaments, the short dorsifixed anthers, the 1-nerved perianth-segments,

the pitted rugose seeds, and the terete fistulous leaves. The second, interme-

diate between the Chlororjalece and the Anthericew, is characterized especially by
the adnate filaments, only the inner and shorter ones antheriferous, and the

scarious l-nerved perianth-segments, in connection with the tuberous roo:8.

GLYPHOSPERMA. Perianth-segments distinct, spreading, l-nerved, at

length connivent and soon deciduous, not twisted. Stamens 6, shorter than the

perianth, upon its base, filaments clavate above a dilated pubescent base, the

inner three longest ; anthers versatile, short-oblong, introrse. Ovary sessile,

globose : style shorter than the stamens, deciduous ; stigmas 3, obovate, colored:

ovules 2 in each cell, pendulous. Capsule thin-coriaceous, obovate, subtrique-

trous, 3-celled, loculicidal. Seeds 1 or 2 in each cell, triquetrous, dark ash-color,

strongly rugose across the back, pitted on the sides : embryo in fleshy albumen,
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secuiid; pedicels solitary, 2 to 4 lines long, about equalling the lan-

ceolate acuminate bracts, at length spreading or recurved : perianth-

segments lanceolate, 4 lines long, the midnerve not colored : sterile

filaments scarcely shorter than the perianth, all adnate to its middle :

style a line long, at length declinate : capsule very shortly stipitate,

2 to 3 lines long and broad.— In the mountains six miles east of

SaltiUo, Coahuila (1319).

MiLLA BiFLORA, Cav. At Sau Luis Potosi (Schaffner) ; 884

Parry & Palmer.

NoTiioscoRDUM STRIATUM, Kunth. At Guadalupe, Texas (2009),

at Lerios (1317) and Monclova, Coahuila, at Guajuco, Nuevo Leon

(1318), and at San Luis Potosi (537" Schaffner); 886 Parry &
Palmer.

Allium scaposuai, Benth. In the San Miguelito Mountains, San

Luis Potosi (537^ SchafFuer), and at Guanajuato (Duges) ; 885 Parry
& Palmer, at least in part. It is doubtful if A. glandulosum, Link &
Otto, be not the same with deeper colored flowers, as represented by
885 Parry & Palmer, in part, and 1567 Coulter. Specimens col-

lected by Dr. Palmer at Soledad, Coahuila (2010), are perhaps a

stout form of A. scaposum, with more numerous and shorter pedicels

(6 lines long), and light pink flowers. A. longifolium, Spreng.

(^Schoenoprasum longifoUum, HBK.), is probably Nothoscordum stria-

tum.

Calochortus flavus, Schult. f. In the San Miguelito Mount-

ains (542 Schaffner), and at Guanajuato (Duges); 891 Parry &
Palmer.

Zygadenus volcanicus, Benth. In the San Miguelito Mountains

(544 Schaffner) ; 892 Parry «& Palmer.

nearly as long, slightly curved.— Root fleshy-fibrous. Leaves radical, terete

or slightly concave on the inner side, fistulous. Stem branching, leafless, with

scarious bracts at the nodes. Inflorescence racemose, the pedicels solitary,

jointed in the middle. Flowers small, light salmon-color.

HEMIPHYLACUS. Perianth persistent, the distinct equal spreading 1-

nerved segments at length lax and scarious. Stamens perigynous, included;
filaments slender, naked, unequal, adnate to the middle, those upon the outer seg-
ments longest and without anthers ; anthers versatile, rounded, introrse. Ovary
nearly sessile, 3-celled, 3-lobed : style slender, persistent ; stigmas minute : ovules

3 to 6 in each cell, upon the middle of the axis. Capsule coriaceous, broadly tri-

quetrous-ovate, loculicidal. Seeds 1 or 2 in each cell, black. Embryo slightly

curved, in fleshy albumen. — A glabrous perennial, with long tuberous fascicled

roots. Leaves radical, very broadly linear. Stem naked, branched above, with

scarious bracts. Flowers small, in loose racemes, white or yellowish ; pedicels

jointed at the summit.
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Ztgadenus PORRiFOLius, Greene. In the Sierra Madre, south of

Saltillo (1321).

ScHCENOCAULON Drummondii, Gray. At Sutherland Springs,

Texas (1322), and in the San Miguelito Mountains (536 Schaffner),

where it is known as " Matu Curros
"

; 882 Parry & Pahner ; 1570

Coulter. The Mexican specimens scarcely differ from the Texan,—
the stamens usually rather shorter, and capsules somewhat more obtuse

at each end.

Heteranthera limosa, Vahl. At Guadalupe, Texas (1323), at

Morales (519 Schaffner) and near Ladrillera, San Luis Potosi (Schaff-

ner) ; 899 Parry & Palmer.

Heteranthera reniformis, Ruiz & Pavon. Near Morales (520

Schaffner), and at Guanajuato (Duges) ; 898 Parry & Palmer.

Heteranthera Mexicana. Stems short, ascending from a short

rooting base, somewhat glandular-pubescent above with the inflores-

cence : leaves linear with a dilated sheathing base, 3 or 4 inches long

by 1 or 2 lines broad: spathe ovate-lanceolate, acuminate, 9 lines

long: spike pedunculate above the spathe, 2 to 4 inches long, 12-15-

flowered, naked, the flowers scattered, ascending : perianth-tube 3 or 4

lines long, greenish, pubescent, the limb as long, spreading, blue with

white centre : one stamen nearly twice longer than the others and

equalling the style : capsule oblong-ovate, 2 or 3 lines long : seeds

nearly globose, 12-striate.— Closely resembling If. Seuhertiana. At

Juraz, on the Sabinas River, Coahuila (1324).

Commelina pallida, Willd. In the Sierra Madre, south of Sal-

tillo (1326), and at Guanajuato (Duges), where it is called " Yerba

del Polio."

Commelina Virginica, Linn. At Uvalde, Texas (2015).

Commelina graminifolia, IIBK, At San Luis Potosi (526

Schafl'ner) ; 903 Parry & Palmer.

TiNANTiA FUGAX, Scheidw. At Guanajuato (Duges).

Tradescantia Karwinskyana, Roem. & Schult. In the Sierra

Madre, south of Saltillo (1325), and at San Luis Potosi (525 Schaff-

ner) ; 900 Parry & Palmer.

Tradescantia crassifolia, Cav., var. (?) angustifolia. Low

(a foot high or less) : leaves linear to linear-lanceolate : umbels loosely

few-flowered : sepals less than 3 lines long, villous or glandular-

pubescent : ovary hairy only at the summit. — In the Sierra Madre,

south of Saltillo (2016), and in the Morales Mountains (521 Schaffner) ;

253 Gregg. The typical form was collected by Schaffner (523) in the

San Miguelito Mountains ; 902 Parry & Palmer.
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Tradescantia leiandra, Torr. (Zebrina (?) leiandra, C. B.

Clarke iu A. DC Monogr. 3. 318.) At Soledad, Coahuila (2014).

Cells 2-seecled, or the dorsal cell 1-seeded. Referred doubtfully by

Clarke to Zebrina, but it has none of the characteristics of that genus,

and in no respect differs from Tradescantia. 700 Wright, as found

in Herb. Gray, includes not only this species, but a specimen of Com-

melina Virginica, and another of Commelina dianthifolia (as noted

by Mr, Clarke under that species, though it is also described by him as

C. leiandra).

Tradescantia linearis, Benth. In the San Miguelito Mount-

ains (524: Schaffner) ; 901 Parry & Palmer, referred by Clarke to

T. venustula, Kunth. Collected also by Dr. Edwards at Riuconada.

Distinguished especially from T. venustula by the broader fleshy

connective. 701 Wright, referred by Dr. Torrey doubtfully to T.

rosea and by Mr, Clarke to this species, is distinct from both, —
possibly a dwarf small-flowered T. Virginica, or glabrous T. tuberosa.

Callisia iNSiGNis, Clarke. Near Morales, San Luis Potosi (522

Schaffner).*

JuNCUS Balticus, Willd, At San Luis Potosi (554 Schaffner).

* The genera and species of the order Commelinacece in the United States,

studied with reference to the revision of the order by Mr. C. B. Clarke in De-

Candolle's MonographicR, are as follows :
—

COMMELINA, Dill. Cyme sessile within a cordate or connate bract

(spathe). Perfect stamens 3. Cells of the capsule 1- or 2-seeded.

* Ventral cells 2-ovuled (and usually 2-seeded), the dorsal 1-ovuled,

1- Margins of the spathe not united.

1. C. NUDiFLORA, Linn. (C. Cayennensis, 'Rich. C. communis, of Chapman.)
Slender and creeping : leaves lanceolate : spathe cordate, acute : seeds reticu-

lated.— From Delaware to Florida, and Missouri to Texas.

2. C. DIANTHIFOLIA, DC. (C. linearis, Benth. C. leiandra, Clarke.) Slen-

der, erect, from a tuberous root : leaves linear : spathe cordate and long-atten-

uate : seeds wrinkled or pitted,
— Northwestern Texas to New Mexico and

Mexico.

M- *- Margins of the spathe united.

3. C. HiRTELLA, Vahl. (C. erecta, of Gray and Chapman.) Stout, erect:

leaves large, lanceolate, the sheaths brown-bearded : spalhes crowded : seeds

smooth, — From Pennsylvania to Florida, and Kentucky to Texas.

* * Cells I-ovuled, I-seeded : seeds smooth : roots fleshy, subtuberous.

4. C. ERECTA, Linn. Slender, often low : leaves linear : cells all dehiscent.—
Pennsylvania to Florida.

5. C. ViRGiNicA, Linn. Slender, usually tall : leaves lanceolate to linear:

dorsal cell indehiscent, scabrous.— From Southern New York to Michigan and

southward to Florida, the Indian Territory, and Mexico ;
West Indies.
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JuNCUS TENUIS, Willd. At San Miguelito (555 Schaffner) ; 894

Parry & Palmer.

JuNcus BUFONius, Linn. At San Luis Potosi (556 Schaffner) ;

896 Parry & Palmer.

JuNCUs NODOSUS, Linn. At San Luis Potosi (551 Schaffner).

TRADESCANTIA, Linn. Umbel-like cyme subtended by leaf-like or small
and scarious bracts. Perfect stamens 6 (or 5). Cells of the capsule 2-seeded.

» Umbel terminal, sessile, subtended by two leaf-like bracts : leaves lanceolate.

1. T. MiCRANTHA, Torr. Low and rooting, slender, subpubescent : leaves an
inch long or less: flowers small (2 lines long): filaments all hairy.

— South-

western Texas.

2. T. LEiANDRA, Tom Stout, rooting at base, a foot high : leaves 2 or 3

inches long, somewhat viUous or nearly glabrous : sepals more or less villous,

3 or 4 lines long: filaments all naked.— Western Texas and Mexico.

* * Umbels terminal or sometimes lateral, sessile, subtended by one or two
leaf-like bracts : leaves linear to narrowly lanceolate.

3. T. ViRGiNicA, Linn. Very variable : roots fleshy-fibrous : bracts usually
a pair : the typical form smooth or only slightly villous, more or less glaucous,
often tall and slender and with linear leaves, rather rarely with one or two long
lateral peduncles. From the Upper Missouri and Lake Winnipeg to New York
and soutliward, and from Texas to Southern Utah and Arizona.— Var. villosa.

Similar, but often dwarf, more or less villous throughout, as well as pubescent.
In the Mississippi Valley and Gulf States. (Var. Drummondii, Clarke, is a

dwarf densely pubescent form of this, not at all villous, collected by Drummond
in Texas.)

— Var. flexuosa. {T.Jlexnosa,'R3S.) Stout and dark green, with

large linear-lanceolate pubescent leaves, the stem usually flexuous, and with

several sliort lateral branches or sessile axillary heads. From Ohio to Ken-

tucky and Georgia. The extreme forms appear very distinct, but an examina-

tion of cultivated and numerous herbarium specimens fails to show satisfactory

reliable characters upon which to separate them. T. pilosa, Lehm., is interme-

diate between the last and the preceding forms.

4. T. TDBEROSA, Greene. Very slender, from tuberous roots, glandular-

pubescent : leaves very narrowly linear : bracts solitary : flowers smaller

(sepals 2 or 3 lines long).
— New Mexico and Arizona.

* * * Umbel pedunculate, subtended by small subscarious bracts : flowers

small.

5. T. ROSEA, Vent. Erect from a running rootstock; leaves very narrowly
linear.— Maryland to Florida.

6. T. Floridana, Watson. Prostrate and rooting : leaves oblong-ovate.
—

Florida.

TINANTIA, Scheidw. Cyme prolonged and scorpioid, pedunculate. Other-

wise as Tradescaniia.

1. T. ANOMALA, Clarke. ( Efheosanthes ciliata, Raf. Tradescantia anomala,

Torr.) Tall, glabrous : leaves cordate-ovate to cordate-lanceolate, the upper
sessile : inflorescence shorter than the upper leaf; flowers few

; sepals 6 lines

long.
— Louisiana and Texas.
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JuNCUS ACUMiNATUS, Michx. At San Luis Potosi (552, 553

Schaffner) ; 893 and 895 Parry & Palmer.

JuNCUs MARGINATUS, Rost. At Morales, Saa Luis Potosi (550

Schaffner) .

JuNCDS xiPHioiDES, Meyer. At Morales (549 Schaffner) ; 897

Parry & Palmer.

PoTAMOGETON NATANS, Linn. A Variety with oblong leaves acute

at each end. At San Luis Potosi (535 Schaffner), and at Guanajuato

(Duges).
PoTAMOGETON HTBRiDDS, Michx. Near Morales (534 Schaffner) ;

856 Parry & Palmer.

PoTAMOGETON PAUCiFLORUs, Pursh. Also near Morales (533

Schaffner) .

Cyperus flavescens, Linn. At San Luis Potosi (569 Schaffner).

Cyperus melanostachyus, HBK. At San Luis Potosi (568

Schaffner) ; 904 Parry & Palmer.

Cyperus flavicomus, Michx. At Guanajuato (Duges) ; called

" Tule." The same as 431 Bourgeau.
Cyperus aristatus, Rottb. Near Monclova, Coahuila (1330),

and San Rafael, San Luis Potosi (563 Schaffner).

Cyperus Schweinitzii, Torr., van, with blunter scales and shorter

nutlets. Near Morales, San Luis Potosi (561 Schaffner); 907 Parry
& Palmer. The same as 703 Wright, referred to this species by Dr.

Torrey.

Cyperus virens, Michx. At San Miguelito, San Luis Potosi

(562 Schaffner).

Cyperus ? Near 0. acuminatus, Torr., but the tips of the

scales less spreading and the nutlets oblong : contracted umbel sub-

lateral (one involucral bract stouter and erect). At Morales, San

Luis Potosi (564 Schaffner).

Cyperus ? Of the same group with the last. Perennial,

with a single dense sessile head, or with one or more additional rays,

the spikelets very numerous : scales very dark brown with green mid-

nerve, long-acuminate : nutlet sharply triangular, nearly as broad as

high.
— At Pozos, San Luis Potosi (566 Schaffner) ; 905 Parry &

Palmer.

Cyperus divergens, HBK. In the San Rafael Mountains, San

Luis Potosi (1032 Schaffner), and at Guanajuato (Duges) ; 910, 911

and 911^ Parry & Palmer; 1612, 1623 Coulter. The same as 256

Hartweg, so named by Bentham. The scales at length become white

and scarious.
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Cyperds ? Allied to 0. Jtliculmis, Torr., and C. Jeucolepis,

Boeckl. (IGll Coulter), but the spikelets in loose spikes loosely um-
bellate. At San Luis Potosi (5 GO Scbaffner).

Cyperus articulatus, Linn. At Guanajuato (Duges). Known
as " Tule Cliico."

CvpERDS PHYMATODES, Muhl. At San Luis Potosi (559 Scbaff-

ner), and Guanajuato (Duges) ; 908 Pairy & Palmer ;
254 Hartweg.

Cyperus ? Very near G. erythrorrhizos, Micbx., but the

nutlet elliptical and a half longer. At Guanajuato (Duges). Known
as " Tule grande."

Cyperus Bald winii, Torr. At Guadalupe (1331) and Bluffton,

Texas (1332).

Cyperus uniflorus, Torr. West of San Antonio, Texas (2018).
Cyperus incompletus, Link. At Guanajuato (Duges). Appar-

ently according with the description.

Cyperus ovularis, Torr. West of San Antonio, Texas (2017).
Cyperus flavus, Vahl. At San Miguehto, San Luis Potosi (565

Scbaffner) ; 909 Parry «fe Palmer.

Cyperus Michauxianus, Scbultes. At Sutherland Springs

(1333), and at Uvalde, Texas (1334), the latter a stout highly devel-

oped form, with the umbel a foot long and the involucral leaves nearly

3 feet in length.

Eleocharis capitata, R. Brown. At Sutherland Springs, Texas

(1328). The same as 711 Wright, which is referred to E. albida in

herb. Torrey.

Eleocharis palustris, R. Brown. At San Luis Potosi (576

Scbaffner); 913 Parry & Palmer.

Eleocharis arenicola, Torr. Near Morales (577 Scbaffner)

and at Penasco, San Luis Potosi (578 Scbaffner).

Eleocharis ? Resembling E. microcarpa, Torr., but the

greenish nutlet somewhat larger and more turgid, minutely striate

longitudinally ; bristles as long as the nutlet. Near Moi'ales, San

Luis Potosi (575 Scbaffner, in part).

Eleocharis cancellata. Of the same group and habit as the

last, the angular scapes 1 to 1| inches high and the greenish spikes 1

to IJ lines long: scales short, obtuse, with a narrow brown line on

each side : nutlet without bristles, obovate-pyriform, white and shining,

minutely cancellate, the narrow meshes of the reticulation transverse

and in vertical lines : tubercle much depressed.
— Near E. Liebman-

niana, Boeck. With the last (575 Scbaffner, in part) ;
912 Parry &

Palmer.
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Eleocharis acicularis, R. Brown. At San Luis Potosi (574

Scliaffiier); 914 Parry & Palmer.

DiCROMEXA LEUCOCEPUALA, Miclix. At Sutherland Springs,

Texas (1329).

F1MBRISTYL13 ADTUMNALis, Roem. & Schult. At same locality

(1327).

FiiiBRiSTYLis CAPiLLARis, Gray. At San Luis Potosi (557 Schaff-

ner) ; 915, 916 Parry & Palmer.

FiMBRisTYLis ? Apparently undescribed. Culm flattened,

6 inches high or more, rough-edged above : leaves very rough on the

marcrin, 1 or 2 lines wide : spikelets somewhat clustered in a loose

compound umbel, narrow and rather few-flowered, 2 or 3 lines long ;

scales brown : nutlet triquetrous, white, smooth.— In the San Migue-

lito Mountains (558 Scha£fner).

SciRPDS SUPINUS, Linn. At Penasco, San Luis Potosi (571

Schaffner).

SciRPUS ? Very near S. riparius, Spreng. (S. pygmoeus.

Gray), but the nutlets somewhat rugulose transversely. At San

Luis Potosi (572 Schaffiier).

SciRPUS HETEROCARPUS. Roots fibrous : culms and leaves filiform,

1 to 3 inches long: spikes narrow, 2 to 4 lines long, solitary and naked

upon the culm, and also sessile at the base of the leaves ; basal spikes

few-flowered, or flowers sometimes solitary in the axils of the leaves :

scales of the terminal spike lanceolate, acuminate, chestnut-colored,

the lowest often elongated and bract-like, the upper ones sterile and

mostly only staminate : stamens 2
; bristles none : style trifid ; nutlet

triangular-obovate, with a short blunt beak, white, obscurely rugulose,

those in the basal spikes very much larger (^ line long or more).
—

At Penasco, San Luis Potosi (573 Schaflfner), and collected also at

Orizaba by Botteri (778 in herb. Gray). A very curious species, re-

markable for the numerous basal spikes, which seem to be a constant

characteristic, the dimorphous nutlets, and the partially staminate ter-

minal spikes.

FuiRENA SQUARROSA, Michx. At Sutherland Springs, Texas

(1335), and at Monclova, Coahuila (1336).
— Also var. pumila,

Torr., at San Rafael, San Luis Potosi (567 Schaffner).

Hemicarpiia subsquarrosa, Nees. At San Luis Potosi (570

Schaffner).

Rhynchospora ? Perhaps a reduced form of R. Schaff'neri,

Boeckl. In the San Rafael Mountains (548 Schaffner); 918 Parry

& Palmer.
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Carex Schaffnert, W. Boott ;
new sp. Rootstock creeping,

branchitiof, clothed with imbricate brown scales that become fibrous :

culm about a foot high, slender, scabrous above on the sharp angles :

leaves about equalling the culm, 1 line broad, attenuate to a long fili-

form apex, flat or conduplicate above : spike about an inch long, of 3 or

more oblong sessile clusters of lanceolate androgynous spikelets, the

upper clusters crowded, the lowest distinct and rarely borne on a long

radical peduncle ; spikelets 5 or 6 lines long, male above : bracts fili-

form from an ovate several-nerved green-keeled hyaline-margined

claspin"' base, the lowest much longer than the culm and the next one

or two often exceeding it: scales hyaline, pale-chestnut with a green

keel, ovate, acute or roughly awn-pointed, exceeding the perigynia,

which are pale brown, ovate or lanceolate, 2 lines long, tapering at

base, covered with irregular yellowish somewhat scurfy tubercles,

obliquely cut at the top and ending in 2 long subulate rough teeth,

serrate on the green margins : stamens 3 : stigmas 2, long. ( W. Boott.)

— At San Luis Potosi (546 SchafFner).

CA.REX ? Very near C. varia, Muhl., but differing in its

stoloniferous rootstock, in its large male spike (an inch long), in

the staminate summits of the female spikes, and in the larger and

more numerously nerved perigynium, which is much less contracted at

both ends. ( W. Boott.)
— At San Luis Potosi (547 SchafFner) ;

917 Parry & Palmer.

Paspalum distichum, Linn. At San Luis Potosi (1071 Schaff-

ner). Known as " Grama,"

Paspalum Humboldtianum, Fluegge. At San Luis Potosi (1053

SchafFner).

Panicum leucoph^um, HBK, (P. lacnanfhum, Torr.) Col-

lected by Palmer (1341) but the locality uncertain, and near Mo-

rales, San Luis Potosi (1064 SchafFner).

Panicum Crus-galli, Linn., var. echinatum, Doell. At Uvalde,

Texas (1340).

Panicum colonum, Linn. At Morales (1038 SchafFner).

Panicum obtusum, HBK. At San Luis Potosi (1039 Schaffner) ;

960 Parry & Palmer.

Panicum dichotomum, Linn., var. (P. nitidum, Lam.) At San

Luis Potosi (1036, 1037 Schaflfner).

Panicum repens, Linn. {P. arenarium, Brot.) At San Luis

Potosi (1040 Schaffner).

Panicum c^spitosdm, Swartz, ex Fourn., as named at Kew.

Morales, San Luis Potosi (1080 Schaffner) ;
962 Parry & Palmer.
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Panicum divaricatum, Linn. At Guanajuato (Duges) ;

" Ota-

tillo pequeno." In fruit, and usually with one or more of tlie glumes
black.

Panicum ? A slender erect yellowish annual, many-stemmed,
a foot or two high, with small acuminate spikelets in loose narrow

panicles. It is the same as n. 286 of Drummond's second Texan

collection, and is referred by Dr. Vasey to P. giganteum, Scheele,

which however is probably only a form of P. agrostoides.
— In the

mountains west of Saltillo, Coahuila (1338).

Oplismenus setarius, Roem. &o Schult. At Georgetown, Texas

(1339). Common in the Southern States, and usually referred to

0. hirtellus {^Panicum hirtellum^ Linn.).

Setaria imberbis, Roem. & Schult. At Parras, Coahuila (1363),

and at San Luis Potosi (1042, and 1043 in part, SchafFner).

Setaria glauca, Beauv. At San Luis Potosi (1041 Schaffner).

Setaria uniseta, Fourn., as named at Kew. {TJrochloa uniseta,

Presl. Panicum imisetum, Trin.) At San Luis Potosi (1043 SchafF-

ner, in part) ; 957 Parry & Palmer. Also a dwarf form, 1 to 3

inches high ;
in the San Miguelito Mountains (1044 Schaffner).

Cenchrus tribuloides, Linn. At Guadalupe, Texas (1342),

and at San Luis Potosi (1046 Schaffner).

Cenchrus echinatus, Linn. At Mouclova, Coahuila (1343).

Coix arundinacea, Lam. (?) At Saltillo (1337). Tall and

stout, probably perennial : fruit globose-ovate, as broad as long. Cul-

tivated in the Botanic Garden at Cambridge, it had reached a height

of 8 or 10 feet when it was cut down by the frost.

-S^GOPOGON cenchroides, Humb. &, Bonpl. At San Luis Potosi

(1060 Schaffner) ; 942 Parry & Palmer.

Tragus racemosus, Desf. At Soledad, Coahuila (1344), and at

San Luis Potosi (1047 Schaffner) ;
952 Parry & Palmer.

Sciiaffnera gracilis, Benth. in Hook. Icon. t. 1378. In the

San Miguelito Mountains (1070 Schaffner).

Trachypogon Montufari, Nees. At San Luis Potosi (1063

Schaffner) ;
964 Parry & Palmer.

Heteropogon contortus, Roem. & Schult. At Monclova, Coa-

huila (1346), and at Morales, San Luis Potosi (1051 Schaffner) ; 955

Parry & Palmer.

Andropogon laguroides, DC. At Monclova, Coahuila (1347);

the same as 233 and 2969 Bourgeau (so named by Fournier), and 667

Botteri. It was collected in Texas by Berlandier (444 and 1764),

and recently by Pringle in Arizona (distributed as A. Torreyanus).
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Andropogon Virginicus, Linn. At San Luis Potosi (1049

Schaffuer) .

Andropogon Myosurus, Presl (?) At San Luis Potosi (1050

Schaffuer).

Andropogon hirtiflorus, Kunth. Same locality (1050 Schaff-

ner) ; 966 Parry & Palmer, and the same as 752 Bourgeau.

Andropogon leucopogon, Nees. Same locality (1056 Schaffner).

Aristida PURPUREA, Nutt., var. Berlandieri, Trin. & Rupr.

At Guadalupe, Texas (1350).

Aristida bromoides, HBK. At Parras (1352, a large form), and

in the mountains west of Saltillo (1351, an erect form) ; also at San

Luis Potosi (1066 Schaffuer).

Aristida divaricata, Humb. & Bonpl. At San Luis Potosi

(1057 Schaffner).

Stipa viridula, Trin. At Lerios, Coahuila (1249). Dr. Palmer

notes that this grass is considered poisonous to animals, having a tem-

porary narcotic effect upon them.

Stipa Jurava, Beauv. {S. eriostachya, HBK., Nov. Gen. 1. 127,

t. 41.) At San Luis Potosi (1054 Schaffner).

Stipa avenacea, Linn., var. (?) At San Luis Potosi (1055

Schaffner) ; 929 Parry & Palmer, and 669 Bourgeau. It was also

collected in New Mexico by Wright (1998), and in Arizona by
Roth rock (456).

Muhlenbergia calamagrostidea, Kunth. At Parras, Coahuila

(1348) ; the same as 218 Bourgeau, so named by Fournier. Also at

San Luis Potosi, an undeveloped form (1068 Schaffner).

Muhlenbergia Clomena, Trin. At San Luis Potosi (1069

Schaffner).

Muhlenbergia Schaffneri, Fourn. Same locality (1065

Schaffnei').

Muhlenbergia Berlandieri, Trin. (?) Allied to M. debilis,

but a stout erect grass, with a long narrow panicle, the glumes about

a fourth as long as the flower. At San Luis Potosi (1059 Schaffner) ;

the same as 1992 Wright.

Muhlenbergia ? From Mexico, but the locality uncertain ;

scanty specimens. The same as 1557 Bourgeau and 679 Botteri, the

latter named by Munro M. capillaris, from which they differ in the

slender decumbent geniculate stems and very short and obtuse glumes.

Muhlenbergia scabra. Cespitose, erect, a foot high or less,

very scabrous throughout and somewhat rigid : leaves mostly basal,

erect, flat,
i to 1^ lines broad, equalling the culm or shorter, the sin-
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gle culm-leaf with a very long sheath ; ligule short, fimbriate : panicle

contracted, dense, 3 or 4 inches long, the spikelets sessile : lower

glumes nearly equal and equalling the flower, thin, scabrous on the

keel, the lower acute, the upper obtusish and irregularly toothed, 1^

lines long; flowering glume villous, 2-toothed, bearing a flexuous

scabrous rufous awn 6 lines long ; palea glabrous.
— At San Luis

Potosi (10G7 SchafFner). A strongly marked species, which appears

to be undescribed.

Lycurus phalaroides, HBK. (Z. phleoides, HBK.) Same

locality (1045 Schaffner) ; 939 Parry & Palmer. The awns in these

specimens vary in length from once to twice that of the glumes.

Sporobolus Sabeanus, Buckl. At Sutherland Springs, Texas.

This rather common Texan grass has been referred to *S'. Coroman-

delinus, Kunth, from which it differs notably in its thin unequal

glumes and linear leaves. It is nearer to S. argutus, Kunth.

Sporobolus atrovirens, Kunth. At San Luis Potosi (1034

Schaffner).

Sporobolus repens, Presl. Same locality (1025 Schaffner) ;

926 Parry & Palmer. So named at Kew, but differing from 3285

Bourgeau, which was referred by Munro to this species, in the longer

and more acuminate lower glumes, which are more than half the

length of the flower.

Sporobolus crtptandrus. Gray. Near Ladrillera, San Luis

Potosi (Schaffner, without number).

Sporobolus ? Near S. Wrightii, Munro. At San Luis

Potosi (1078 Schaffner).

Epicampes ? Stout, erect (2 to 4 feet high), very pubescent

throughout, with a narrow close lead-colored panicle: lower glumes

villous, equal, very thin and nerveless, not carinate, usually toothed

at the blunt apex ; flowering glume similar and ecjual, a line long,

with a slender dorsal awn at the summit ; palea villous.— At San

Luis Potosi (1023 Schaffner) ; 933 Parry & Palmer. A very pecu-

liar species. 683 and 1153 Bourgeau {''
E. robusta, Fourn.") are the

same, but glabrous (excepting the flowering glume) or only minutely

pubescent.

Epicampes ? A slender stoloniferous perennial, 1 to IJ feet

high, the purplish spikelets approximate upon the short erect branches

of the short panicle : lower glumes acuminate, slightly scabrous on

the keel ; flowering glume shortly villous (1^ lines long), acuminate,

with a short awn between the very short terminal teeth.— In the

mountains near San Miguelito (1024 Schaffner).
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Agrostis verticillata, Vill. At Parras, Coaliuila (2019), and

at San Luis Potosi (1022 Schaffner).

Agrostis scabra, Willd. At San Luis Potosi (1033 ScliaiFner).

MiCROCHLOA SETACEA, R. Br. Same locality (1000 Schaffner) ;

970 Parry & Palmer.

Chloris cdcullata, Bisch. At Sutherland Springs, Texas; a

single specimen.

Chloris elegans, HBK. (C. alba, Presl.) At Parras, and in

the Morales Mountains, (1073 Schaffner) ; 961 Parry & Palmer.

Chloris submutica, HBK. San Luis Potosi (1074 Schaffner).

Chloris ? Very near C. verticillata, Nutt., but the flowers

narrower and somewhat longer. Same locality (1072 Schaffner) ;

445 Bourgeau and 723 Botteri.

BouTELOUA tenuis, Gi'iseb. At San Luis Potosi (1011, 1012,

1013 Schaffner). These specimens correspond very closely with the

description and figure of Chondrosivm temie, HBK. (Nov. Gen. 1.

176, t. 57), and especially in their erect habit and convolute-filiform

leaves. The tufts are densely cespitose and the root apparently peren-

nial. The South American specimens referred to this species by
Grisebach (PI. Lorentz. 211, and Symb. Fl. Arg. 303) belong rather

to J^. simplex, Lag.

BouTELOUA PROSTRATA, Lag. {Chondrosium humile, HBK., 1. c,

175, t. 56.) A loosely cespitose slender many-stemmed annual, ge-

niculate and decumbent, or procumbent and rooting at base ;
leaves ^

to 1 line broad, flat or somewhat convolute. A sjjike in herb. Gray
from Lagasca's original specimens, together with the fuller description

given by Roemer & Schultes, leaves little doubt respecting the iden-

tification of the species. It differs, however, but little from the South

American B. simplex, Lag.
— At Monclova, Coahuila (1358), and at

San Luis Potosi (1016 Schaffner) ; 751 Bourgeau. Collected also in

New Mexico by Fendler (939) and by G. R. Vasey.

BouTELOUA scoRPioiDES, Lag. (?) Dwarf, cespitose and stolon-

iferous, glabrous : leaves mostly flat, ^ to I line wide : culms shorter

than the leaves (2 or 3 inches high), bearing a single loose strongly

circinate spike about an inch long: spikelets about 15, mostly in

pairs : lower glumes very narrow, acuminate, slightly villous, the

upper 3 lines, the lower 2 lines long ; flowering glume with 3 slender

awns (I inch long) and usually 2 or 3 shorter ones at their base ;

palea bicuspidate ;
sterile flower bearded at base, 5-6-awned. — At

San Luis Potosi (1010 Schaffner). Lagasca's species is known only

from his very short and imperfect description.



OP ARTS AND SCIENCES. 177

BoDTELODA HiRSUTA, Lag. ( Chondrosium hirtum, HBK., 1. c,

17G, t. 59. G.faneum^ Torr. in Emory's Rep, 153, t. 12.) At San

Luis Potosi (1018 Schaffner) ; 943 Parry & Palmer. The typical

form, as shown by spikelets in Herb. Gray from Lagasca's original

specimens, differing in the less attenuate or sometimes mucronate teeth

of the flowering glume from the more common form northward,

which can hardly be considered as distinct. The rhachis of the spike

is usually conspicuously produced beyond the spikelets, as often occurs

also in the northern variety.

BouTELODA OLiGOSTACHYA, Torr. At San Luis Potosi (1014

Schaffner) and near San Rafael (1015 Schaffner) ;
448 and 666 Bour-

geau ;
453 Bilimek ; 944 Parry & Palmer, a form with pale slender

spikes, the lower glumes nearly naked. This species includes Chon-

drosium Ascheiihornianum, Nees, and probably also 0. gracile, HBK.,

though the last is figured and described as 1-spicate.

BouTELOUA POLYSTACHYA, Torr. At Guadalupe, Texas (1356),

and in the San Rafael Mountains (1020" Schaffner) ; 946 Parry &
Palmer; 667 Bourgeau. 1017 Schaffner, from San Luis Potosi, is a

dwarf prostrate form, with very short awns.— Var. vestita, with the

lower glumes very villous. In the Sierra Madre, south of Saltillo

(1357), and near Morales, San Luis Potosi (1019 Schaffner) ; 943^

Parry & Palmer.

BouTELOUA (Chondrosium) trifida, Thurber, Gram. Mex.

Bound, ined. A densely cespitose perennial, glaucous, sparingly vil-

lous on the margins of the flat or subrevolute rather short leaves :

culms slender, erect, a foot high or less : spikes 3 to 5, slender, nearly

straight, glabrous, 6 to 9 lines long: lower glumes scarious, narrowly

lanceolate, nearly equal ; flowers glabrous, the flowering glume cleft

into o long nearly equal awns; sterile glume also 3-awned.— Some-

what resembling B. eriopoda, Torr., in habit. At Monclova, Coahuila

(1355)'; 945 Parry & Palmer. It is also 749, 2020 and 2022 Wright.
BouTELOUA RACEMOSA, Lag. At San Luis Potosi (1061 Scliaff-

ner) ; 2755 and 451 Bourgeau. Spikes of 2 to 8 purplish spikelets,

the sterile flower reduced to a minute awn, or rarely more developed
in the uppermost spikelet, and with the awn exserted. Its farther

development into a triple awn, which frequently occurs in the common
form of the Northern States {B. curtipendula, Torr.), is evidently
insufficient for a separation of the species.

BouTELOUA BROMOIDES, Lag. {Heterostegia juncifolia, HBK.,
Nov. Gen. 1. 173, t. 54. Dinehra repens, HBK., 1. c, 172, t. 52.

Boutehna Humholdtiana, Giiseb. Probably also Dinehra hromoides,
VOL. XVIII. (n. S. X.) 12
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HBK., 1. c, t. 51.) In the Caracol Mountains, Coahuila (1354), and

at San Luis Potosi (1001 to 1003 Schaftner). Somewhat variable in

size, liabit, and number of spikelets, but the floral characters uniform

within narrow limits in all the specimens examined from the United

States, Mexico, Panama and the West Indies. The second floret is

usually stamiuiferous, and the third reduced to a rudimentary awu,

often very short. It was found in no case 3-awned, as shown in the

figure of Heterostegia juncifolia. Dr. Palmer's specimens represent

a large form with large spikes (the same as 2024 Wright and 450

Bourgeau), corresponding to Dinehra bromoides, HBK., though that

seems to have been based upon specimens with the second flower less

developed than usual. Schaffner's specimens are smaller and decum-

bent, according in every respect with Dinehra repens, HBK. ;
534

Bourgeau is the same. There can be little hesitation in referi-ing

all to Lagasca's species.

BouTELOUA ARiSTiDOiDES, Thurb. At Solcdad, Coahuila (1353),

and at San Luis Potosi (1062 Schaffner) ; 941 Parry & Palmer.*

BuciiLOE DACTYLOIDES, Engelm. At San Luis Potosi (1004 and

1021 ScliafFner, the staminate and pistillate forms) ;
922 and 953

Parry & Palmer,

Pappophoruji Wrightii. Flowering glume 9-nerved and 9-

* A study of tlie material in the Gray Herbarium has led to the following

arrangement and identification of the species of Boutdoua. The sections are as

proposed by Mr. Bentham. Tlie synonymy is complicated, and some of Lagas-

ca's species yet remain uncertain, owing to his very brief and imperfect de-

scriptions. His D. barbata appears to belong to the section Chondrosium, and

B. juncifoUa and B. ovatn to Atheroporjon.

§ 1. Chondrosium, Gray. Spikes one to several, linear or oblong, more or

less falcate, the usually very numerous spikelets pectinately crowded on one

side of tlie rhachis : terminal empty glume usually 3-awned.

* Spike always solitary,

t- Lower glumes glabrous.

1. B. TENUIS, Griseb. (in part). Mexico. See page 176.

2. B. PROSTRATA, Lag. Western Texas and New Mexico to Mexico. See

page 176.

3. B. SIMPLEX, Lag. Andes of South America.

I- -1- Lower glumes villous.

4. B. scoRPioiDES, Lag. Mexico. See page 176.

* * Spikes usually 2 or more,

t- Spikes oblong-linear, very dense : lower glumes villous.

5. B. niRSDTA, Lag. Pedicel of sterile glume glabrous.
— Illinois to Texas,

Arizona, and Mexico
;
Florida. See page 177.
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awned ; sterile glume 9-awned.— Our only species of the section

Enneapogon. At Parras (1361); 947 Parry & Palmer; 751 and

2029 Wright, referred to P. horeale, Griseb., by Torrey (Pacif. Railroad

Eep. 4.
l.').')). Differing from that Siberian species in its more pilose

nodes and ligules, longer and narrower panicles, glumes rather more

strongly nerved, flowers smaller and more villous, and the seed broader

and more ovate. Its resemblance to P. nigricans, Br. (P. pallidum

6. B. OLiGOSTACHTA, Torr. Pedicel of sterile glume bearded. — From the

Saskatchewan to Texas, Arizona, Southeastern California, and Mexico. See

page 177.

f- ••- Spikes narrowly linear, dense : glumes usually glabrous.

7. B. poLTSTACHYA, Torr. Flowering and sterile glumes 3-awned, with

usually broad lobes between the awns.— From Southern Utah to Texas,

Southern California, and Mexico. See page 177.

t- H- 1- Spikes more loose and slender : lower glumes glabrous.

++ Flowering and sterile glumes bearded at base, 1-awned : peduncle villous.

8. B. ERIOPODA, Torr. Western Texas and New Mexico.

** ++ Flowering and sterile glumes naked, 3-awned : peduncle smooth.

9. B. TRiFiDA, Thurber. Western Texas, New Mexico, and^ Mexico. See

page 177.

10. B. BuRKEi, Scribner, i7ied. Smaller, the spikes shorter, the flowering

glume short-villous, and the awns shorter. Western Texas and New Mexico.

(167 and 1427 Berlandier, 3440* Curtiss).

§ 2. Atheropogon, Gray. Spikes several or numerous, usually short, straight,

not pectinate, the few
(.3

to 12) spikelets often fascicled: the terminal empty

glume 3-awned, or more or less reduced and rudimentary.

11. B. RACEMOSA, Lag. (B. curliiiendula,TovT.) From New York and Penn-

sylvania to Wisconsin, and south to Texas, Arizona and Mexico ;
South Amer-

ica. See page 177.

12. B. BROMOiDES, Lag. From Western Texas to Arizona and Mexico ;

Central America. See page 177.

13^ B. Havarui, Vasey, ined. Perennial, villous, erect : spikes (4 or 5) half

an inch long or less, very silky-villous : lower glume acuminate ; flowering glume

3-cleft to the middle, the teeth stout, acuminate, villous
; palet as long, acumi-

nate, villous on the back : sterile glume naked, reduced to 3 awns twice longer

than the fertile flower, the middle one subulate below, the lateral sometimes

villous. — Limpio Mountains, Western Texas ;
753 Wright. 1849

;
Dr. V.

Havard, 1881.

14. B. CHONDROSioiDES, Benth. {Dinebra chondrosioides, HBK., Nov. Gen. 1.

173, t. 53.) Mexico. (Not seen.)

15. B. litigiosa. Lag. (B. porphi/rantha, Wright); and 16. B. elatior,

Griseb. West Indies. (The last not seen.)

17. B. ciLiATA, Griseb., 18. B. i.ophostachta, Griseb., and 19. B. nana,

Griseb. South America. (Not seen.)

20. B. PI LOSA, Benth. {Eutriana pilosa, Kook. i.) Galapagos Islands.
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Br.), has been noted, which Australian species has blunter and much

more strongly nerved glumes ; it is also smoother, and the awns of the

still more villous flowering glume are plumose nearly to the summit.

Pappophokuji apeutum, Munro in herb. ; Srribner, Bull. Torr.

Club, 9. 148. Glabrous or nearly so, except the villous throat of the

sheath, erect or geniculate at base, 2 or 3 feet high : panicle close and

spike-like or at length somewhat open, 4 to 9 inches long ; spikelets

4-5-flowered, the uppermost flowers abortive: lower glumes very thin

and scarious, 1-nerved, acutish, irregularly 2-3-toothed at the apex ;

flowering glume with 5 green nerves above, irregularly cleft into about

15 naked awns, which are scarcely twice longer than the undivided

base (a line long).
— At Parras (1360) and Monclova, Coahuila

(1362). Near P. alopecuroides, Vahl, which has naked sheaths, still

longer panicles, longer acuminate glumes, and smaller flowers, the

slender awns several times longer than the short base.

Triodia pulchella, HBK. (^Tricuspis pulchella, Torr.) At

Parras, Coahuila (1359), and at San Luis Potosi (1007 Schafifner) ;

951 Parry & Palmer.

Triodia avenacea, HBK. Running freely. At San Luis Potosi

(1008 SchafFner) ; 950 Parry & Palmer. Also a taller erect form,

described as not stoloniferous ; same locality (1009 Schaffner).

Triodia mutica, Beiith. ( Tricuspis mutica^ Torr. Uralepls pi-

losa and 11. elongata, Buckl.) Mountains west of Saltillo (2020).

What has been named "
Tricuspis trinerviglumis, Munro," appears to

be in every respect the same.

Triodia Texana. {Tricuspis 7^earona,Thurb. in herb.) A slen-

der erect cespitose perennial, 2 feet high, more or less pubescent

throughout with short spreading hairs, the nodes glabrous : leaves

very narrow (a line broad or less), the sheaths villous at the throat:

§ 3. Triathe)-a, Benth. Spikes several, short and narrow, the 1 to 3 slender

spikelets closely appressed to the rhadiis : terminal glume reduced to a triple

awn.

21. B. ARiSTiDoiDES, Thurb. From New Mexico to Southern California and

Mexico.

22. B. TRiATHERA, Benth. {Tricena racemosa, IIBK., 1. c, t. 61.) Mexico.

(Not seen.)

§ 4. Polyodon, Benth. Spikes few, short, of few spikelets : flowering glume
3-awned, the 2 or 3 terminal empty ones crowded together and each 3-5-

awned.

23. B. Texana, Watson. Texas. See page 196.

24. B. DisTiCHA, Benth. {Poh/odon dislirhnm, HBK., 1. c, t. 55.) Peru.

25. B. multiseta, Benth. Brazil. (These not seen.)
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panicle very diffuse, the branchlets pubescent; spikelets ovate-oblong,

6- 1 0-flowered ; glumes thin, 1-nerved, blunt or shortly mucronate,

glabrous; flowering glume villous toward the base upon the 3 greeu

nerves, the middle nerve shortly excurrent between the short teeth ;

palea glabrous.
— At Monclova, Coahuila (1371) ; also in Western

Texas and New Mexico (776, 777 and 2045 Wright).
Triodia Schaffneri. a dwarf cespitose slender annual (?), with

fibrous roots, very sparingly villous, the culms 2 or 3 inches high,

exceeding the very narrow leaves and bearing a single somewhat

1-sided spike (1 to 1^ inches long) of rather scattered greenish spike-

lets (8 to 15), which are linear-lanceolate, 6-10-flo\vered, 2 lines long ;

I'hachis of the spikelets villous-pubescent : lower glumes glabrous,

carinate, 1-nerved, obtusish, finely toothed at the apex ; flowering

glume glabrous, 3-nerved, the lateral nerves ceasing below the mar-

gin, the middle produced into a short awn between the broad obtuse

teeth.— In the Escabrillos Mountains, San Luis Potosi (1077 Schaff-

ner). Closely resembling in habit the Cuban Tricuspis simplex of

Grisebach, and Dijilachne spicata, Doell, of Brazil. It is clearly a

Triodia, as the genus is defined by Mr. Benthara.

Leptochloa MUCRONATA, Kunth. At Monclova (1364).

DiPLACHNE FAScicuLARis, Beauv. At San Luis Potosi (1048

SchafFner).

DiPLACHNE DUBfA, Benth. At the same locality (1079 Schaffner).

ScLEROPOGON Karwixskyanus, Benth. {Lesourdia Karwinsky-

ana, Fourn. in Bull. Soc. Bot. France, 27. 102, t. 4, fig. 12.) At
San Luis Potosi (1005 SchafFuer) and near Morales (1006 Schaffner) ;

925 and 949 Parry & Palmer. Perennial ; very variable in length of

awns (1 to 5 inches), their number, etc. Fournier's Lesourdia multi-

Jlora (1. c, t. 3, 4) appears to be only a short-awned form. As stated

by Bentham, both staminate and pistillate spikes occur on the same

plant. They are not rarely on the same culm. The plant is common
in New Mexico, and was referred by Munro to Tricuspis,

—
by Torrey

to Aristida.

Arundo Donax, Linn. At Monclova, Coahuila (1345).

Eragrostis reptans, Nees. At Sutherland Springs, Texas

(1369); 1154 Parry «fe Palmer.

Eragrostis oxylepis, Torr. At the same locality (1370).

Eragrostis minor, Host. {E. pocsoides, Beauv.) At San Luis

Potosi (1027 SchafFner).

Eragrostis major. Host. (E. megastachja, Link.) At the same

locality (1031 Schaffner) ; 934 Parry & Palmer. Also a form with
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few-flowered spikelets (1030 Schaffner) ; 934^ Parry & Palmer. The

genus Eragrostis is usually credited to Beauvois (1812), but was first

proposed (though without a character) by Host (1809), who referred

to it these two species, which represent Beauvois' two genera Era-

grostis and Megastachya.

Eragrostis pilosa, Room, & Schult. At San Luis Potosi (1028

Schaffner). Identical with 662 Botteri (in Herb. Gray), so named

by Munro, and the same as 937 Fendler, and 437, 445, 2594, and

2637 Bourgeau.
Eragrostis lugens, Nees. At San Luis Potosi (1026 Schaffner) ;

938 Parry & Palmer. A common grass from Texas (and eastward)

to Arizona and Mexico, allied to E. capillaris, Nees. It is more or

less villous on the sheaths and at the nodes of the panicle, or often

nearly glabrous, the narrow spikelets of 3 to 5 (rarely 6) flowers, the

strongly concave bluntish flowering glumes nearly nerveless. It is

329 Drummond, 936 Fendler, 2050 Wright, 788 Hall
{''
E. capil-

laris"), Pringle's
" ^. pilifera;' 228, 673 and 2643 Bourgeau, and

681 and 682 Botteri (so named by Munro).
Eragrostis Mexicana, Link. At Parras, Coahuila (1367), and

at San Luis Potosi (1029 Schaffner) ; 936 Parry & Palmer. Another

common species of Mexico and the region adjacent on the north, allied

to E. tenuis, Gray, but with blunter and closer glumes. E. pilifera,

Scheele, is probably the same. It includes 2046, 2047 and 2052

Wright, 604 Rothrock, and 1031, 1305 and 2625 Bourgeau.
Eragrostis Palmeri. Culms numerous, slender, erect from a

creeping rootstock, 2 or 3 feet high: leaves narrow (1 or 2 lines

wide), becoming revolute: panicle open, glabrous; spikelets sessile or

shortly pedicellate upon the slender branches, narrowly lanceolate,

acute, 3-8-flowered, IJ to 2\ lines long: lower glumes acuminate,

scabrous on the keel ; flowering glume concave, rather faintly 3-nerved,

acute, slightly scabrous on the keel toward the top.
— At Juraz, on

the Sabinas River, Coahuila (1368). Allied to E. lugens, but the

spikelets mostly nearly sessile and the flowering glumes more strongly

nerved,

Briza rotundata, Steud. At San Luis Potosi (1035 Schaffner) ;

935 Parry & Palmer.

PoA ANNUA, Linn. At Monterey (1365), and San Luis Potosi

(1032 Schaffner).

PoA Ruprechtii, Peyr. in Linnaia, 30. 6. In the mountains east

of Saltillo (1366). So named at Kew; scarcely, if at all, distinct

from P. Jlexuosa, Muhl.
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Bromus ciliatus, Linn. At San Luis Potosi (1075 Schaffner).

Also a variety, with the panicle sparingly puberulent or glabrate ; in

the Sierra Madre, south of Saltillo (1372).

Bkachypodium c^spitosum, Roem. & Schult. At San Luis Po-

tosi (1076 Schaffner).

The following list of the Ferns and other vascular Acrogens, in-

cluding uU those of the Parry & Palmer collection, has been furnished

by Prof. Daniel C. Eaton. The Mosses were determined by the

late Thomas P. James, Esq., and the remaining lower cryptogams

by Prof. W. G. Farlow.

AcROSTiCHDM VENUSTUM, Fee. In the San Rafael Mountains

(954 Schaffner). Sent under this name from Kew, but not agreeing

well with the character of the species as described by Fee.

ACROSTICHUM GRATUM, Fee. In the San Miguelito Mountains

(953 SchaflEuer); 1007 Parry & Palmer (1009 in some sets).

PoLYPODiuM ELLIPSOIDEUM, Fee. In the San Miguelito Mount-

ains (941 Schaffner).

PoLYPODiUM Martensii, Mett. At San Luis Potosi; 973^, in

part, and 974|^ Parry & Palmer. The bright scales of the rootstock

are very showy.
PoLYPODiUM PLEBEIUM, Schlccht. The dried fronds have a yel-

lowish-green color, and the specimens are of the form called P. oulo-

lepis by Fee. In the Sierra Madre, southeast of Saltillo (1373),

and in the San Miguelito Mountains (940 Schaffner) ; 973 and 974

Parry & Palmer. Popularly known as "
Calaguala

"
(as are several

other species), and used as an expectorant.

PoLYPODiUM CHEiLOSTiCTON, Fee. 973^ Parry & Palmer, in

part. This seems to be a good species ; it is also 206 and 400

Ghiesbreght, and 18 Mohr, from Orizaba.

PoLYPODiUM SUBPETIOLATUM, llook. In the Lcrios Mountains,

near Saltillo (Palmer, not numbered). Small specimens, which agree

best with this species.

PoLYPODiUM FURFURACEUM, Schlccht. In the route from San

Luis Potosi to Tampico (1155 Palmer, coll. of 1878-79) ; Orizaba

(31 Mohr).
PoLYPODiUM INCANUM, Swartz. On the Caracol Mountains, Coa-

huila (1376), and at Guajuco (no number). Also on the route from

San Luis Potosi to Tampico (1155^, coll. of 1878-79).
PoLYPODiuM AUREUM, Linn., var. areolatum. In the mountains

of San Rafael (942 Schaffner); 972 Parry & Palmer.
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POLTPODIUM THYSSANOLEPis, Al. Br. In the mountains near San

Luis Potosi (939 Schaffner) ; 971 Parry & Palmer. Also at Ori-

zaba (36 Mohr), and in the Huachuca Mountains, Arizona (Lemmon).
PoLYPODiUM PLESiosORDM, Kunze. Guajuco, Nuevo Leon (1374).

PoLYPODiUM LANCEOLATUM, Linn. In the mountains of San

Miguelito (938 Schaffner) ; 975, 975^ Parry & Palmer.

Gymnogramme pedata, Kaulf. In the mountains of San Rafael

(960 Schaffner) ; collected also by Bourgeau (758), and in Chiapas

(315 Ghiesbreght).

Gymnogramme Ehrenbergiana, Klotzsch. In the Escobrillos

Mountains (928 Schaffner) ; 1006 Parry & Palmer. Western Texas

to Arizona (Wright, King, Rothrock, Rusby, etc.). This is the

G. hispida of Mettenius, and G. podophylla. Hooker, at least as to

the New Mexican specimens. The veins are free in some fronds, and

netted in others, from the same lot of specimens. Klotzsch's name has

priority over the others.

Gymnogramme tartarea, Desv. In the San Miguelito Mount-

ains (929 Schaffner).

Gymnogramme calomelakos, Desv. At San Luis Potosi;. 985

Parry & Palmer.

NoTHOL^NA sinuata, Kaulf. At many stations in Coahuila and

Nuevo Leon, in a great variety of forms, from the fully developed

type down to the smallest with minute entire pinnse (1400 to 1410) ;

in the Escobrillos Mountains (947 Schaffner) ; 995, 995|, 996 and

997 Parry & Palmer.

NoTHOL^NA BRACHYPUS, J. Smith. In the region of San Luis

Potosi (998 Parry & Palmer). The hairs of the lower surface are

very evident when the scales are removed, and it is perhaps safest to

follow Kuhn (Beitr. p. 4) in keeping this separate from N. squamosa.
NoTHOL^NA FERRUGiNEA, Hooker. At Soledad (1399) ; San Mi-

guelito Mountains (946 Schaffner) ;
993 and 994 Parry & Palmer.

NoTiiOL^NA AsCHENBORNiANA, Klotzsch. At Lerios in the high

mountains east of Saltillo, and near Monterey (without number).
This has been attributed to Texas, and was found in 1882 on the

Huachuca Mountains of Arizona by J. G. Lemmon.

NoTHOL^NA Grayi, Davenport. At Soledad, Coahuila (1388,

with white powder, and 1389, with yellowish powder). In the San

Rafael Mountains, with fronds ten inches high, the powder white (962

Schaffner).

NoTHOL^NA HooKERi, Eaton. At Saltillo, and San Lorenzo de

Laguna, Coahuila (1379) ; 992 Parry «& Palmer.
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NoTHOL^NA CANDIDA, Hooker. At Guajuco in Nuevo Leon, and

in mountains northeast of Monclova, Coahuila (1380) ; near Monterey

(1381).

NoTHOL^XA NiVKA, Desv. At Monterey, Nuevo Leon (1386),
and in the San Rafael Mountains (9G1 Schafftier).

— Var. flava,

Hooker, was collected at Lerios (1387), and a form with smaller and

more distant pinnules, the powder white, in the Sierra Madre, south

of Saltillo (13y5). A Notholcena with fronds 3 to 4 inches long, nar-

rower in outline, and with closely placed subcoriaceous pinnules,

which may be a form of this species, was found at several places in

Coahuila and Nuevo Leon (1382, 1383, 1384). 991 Parry & Palmer

is closely allied to these last, but has the short-stalked frond slightly

narrowed at the base, and may prove a distinct species. Mr. Dav-

enport pronounces N. dealbata only a slender form of N. nivea,

and the various intermediate forms, now common in herbaria, justify

his view.

Cheilanthes meifolia. Rootstock short, creeping, chaffy with

very narrow acuminate rigid blackish scales : stalks tufted, dark-

stramineous, smooth and shining, slender, 6 to 9 inches long; frond 2

or 3 inches long and nearly as broad, deltoid, smooth, 4 or 5 times

pinnate and cut into innumerable very narrow linear-acuminate seg-

ments :' involucres terminal on the segments, orbicular, delicately

membranaceous.— At Guajuco, Nuevo Leon (1377). Closely allied

to C. Californica, but with the involucres terminal and rounded, in-

stead of lateral and crescent-shaped.

Cheilanthes Wrightii, Hooker, var. (?) At Soledad, Coahuila

(1378). More finely divided than C. Wrightii^ and sparingly chaffy

along the rhachis, but with the same herbaceous texture and similar

involucres.

Cheilanthes Alabamensis, Hooker. At Georgetown, William-

son Co., Texas (1415) ; a few specimens were also collected at Gua-

juco, Nuevo Leon, and in the mountains east of Saltillo.

Cheilanthes microphylla, Swartz. At many stations in Texas,

Coahuila and Nuevo Leon, and showing a great variety of forms, some

of very large size (1411 to 1414, 1416, 1418 to 1421) ; 981 and 986

Parry «& Palmer.— Var. aspidioides. Fee. At Soledad, Coahuila

(1417). and in the San Miguelito Mountains (920 Schaffner) ; 984^

Parry & Palmer.

Cheilanthes Coopers, Eaton. A few specimens not safely

separable from this species were collected by Parry & Palmer (989)

in the region about San Luis Potosi.
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Cheilantiies viscosa, Link. In the San Miguelito Mountains

(926 SchatFner) ; 990 Parry & Palmer. PellcBa glauca, J. Smith,

seems in no way different from this.

Cheilantues tomentosa, Link. At Soledad, Coahuila (1395,

139G). Also a form with very large pinnules from the Caracol

Mountains (1391).
— Var. Eatoni, Davenport. ( C. Ealoni, Baker.)

At Soledad, Coahuila (1394), at Guajuco, Nuevo Leon (1393), in the

mountains east and south of Saltillo (1397, 1398), and in the San

Miguelito Mountains (910 Schatfner) ; 999^ Parry & Palmer.

CiiEiLANTHKS GRACiLLiMA, Eatou. A form mucli larger than the

usual Californian specimens. In the Sierra Madre, south of Saltillo

(1390).
Cheilanthes cinnamomea. {Myriopteris rufa, Fee.) In the

San Miguelito Mountains, San Luis Potosi (911 Sehaftner), and in

the San Rafael Mountains (914 Schaffner). The species of the

Mi/riopteris gTouji of this genus are very perplexing, and in the ab-

sence of autlientic specimens often very ditficult to identify. The

plant here referred, not without hesitation, to one of Fee's species, has

an elongated cord-like rhizoma, fronds 3 to 8 inches long, 3-4-pinnate

with closely set minute bead-like pinnules, smooth and green above,

but beneath heavily covered like the rhachis with a coarse entangled
tomeutum of a bright-ferruginous color. Some of the smallest fronds

have the lower pinnules
" ecartees

"
as Fee describes them. C. cin-

namomea, as understood, differs from the large form of C gracilUma
in the elongated rootstock and in the much coarser woolly covering of

the pinnules beneath. The name rufa is preoccupied in this genus.

Cheilanthes Lindheimeri, Hooker. In Uvalde Canon, 90 miles

northwest of San Antonio, Texas (1392), and in the Escobrillos

Mountains (937 Schaffiier) ; 999 and 999^ Parry & Palmer. Schaff-

uer's specimens were marked "
^lyriopteris cheiloglyphis, Fee," a plant

unknown in American herbaria ; but they do not at all agree with

Fee's description.

Cheilanthes myriophylla, Desv. In the Escobrillos Mount-

ains (912 Schaffner), and in the mountains about Morales (915

Schaffner) and San Miguelito (916 Schaffner); 987 and 988 Parry
& Palmer.

Cheilanthes Clevelandii, Eaton. In the Escobrillos Mountains

(913 Schaffner). The coi'd-like rhizoma is wanting, but the fronds

are evidently like those of the San Diego specimens.

Cheilanthes earinosa, Kaulf. In the San Kafael Mountains

(963 Schaffner).
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Pell^a rigida, Hooker. On the route from San Luis Potosi to

Tampico (1156 Parry & Palmer), and at Orizaba (40 Mohr).

Pell^ea Seemanni, Hooker. Fronds larger and more compound
than shown in Hooker's figure, but otherwise well agreeing with the

character of the species. In the Morales Mountains (923 SchafFner) ;

979 Parry & Palmer.

Pell^a atropurptjrea, Link. At Georgetown, Texas (1425),

and (without number) in the Caracol Mountains, and near Saltillo,

Coahuila.

Pell^a aspera, Baker. In the mountains northeast of Monclova,

Coahuila (1422) ; also collected sparingly in Southwestern Texas.

Pell^a pulchella, Fee. At Soledad (1423), and at Lerios

(1424).

Pell^a marginata", Baker. In the San Miguelito Mountains

(921 Schaffner), and San Rafael Mountains (922 Schaffner, a smaller

form) ; 983 Parry & Palmer.

Pell^a terxifolia, Link. In the Escobrillos Mountains (924

Schaffner) ; 982 Parry & Palmer.

Pell.ea cordata, J. Smith. Fine typical specimens, with broad

orbicular-cordate pinnules, were gathered in the region of San Luis

Potosi by Parry & Palmer (980) ; in the mountains of San Rafael

(959 Schaffner), a form with narrower pinnules; near Saltillo, Coa-

huila (1426, 1427), a form with still smaller pinnules, evidently pass-

ing into the New Mexican and Arizona plant formerly referred to

P. androinedcefoUa, var. pubescens, but which Mr. Davenport thinks

should rather be joined with this species.

Pell^a flexuosa, Link. In Uvalde Canon, Texas (1428), also

without number from Soledad and Monterey, and in the San Miguelito

Mountains (958 Schaffner). This is made a variety of the last species

by Mr. Baker, but in well-developed fronds the zigzag habit is very

conspicuous, and it is perhaps as well to keep the two apart.

Llavea cordifolia, Lagasca. At Guajuco, Nuevo Leon (1375).

Pteris aquilina, Linn. In Wilson Co., Texas (1429).
— Var.

lanuginosa, Bongard. In the San Miguelito Mountains (925

Schaffner) .

Adiantum Capillus-Veneris, Linn. At Saltillo, and San Lo-

renzo de Laguna, Coahuila (1430, 1431), and in the mountains of

Morales and San Rafael (930, 932 Schaffner) ; 977 Parry & Palmer,

in part.

Adiantum thalictroides, Willd. In the San Miguelito Mount-

ains (931 Schaffner) ; 977 Parry & Palmer, in part. This is a very
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distinct species, as is well shown by Keyserling. Fendler's Venezue-

lan 71 is also an example of it, as pointed out by Fournier.

Adiantdm tenerum, Swartz. At Guajuco, Nuevo Leon (Palmer,

without number, a single frond).

Bleciinum occidentale, Linn. In the mountains around the

city of San Luis Potosi (952 Schaffner).

AsPLENiUJi Trichomanes, Linn. At Soledad, Coahuila (1435),

and in the San Miguelito Mountains (917 Schaffner).

AsPLENiUM PARVULUM, Mart. & Gal. At Georgetown, Texas

(1436).

AsPLENiUM M0NANTHE5IUM, Linn. In the San Miguelito Mount-

ains (918 Scliaffner); 978,978^ Parry & Palmer. The pinna? are

very often plurisorous, and when this character is seen in fronds of

small size, the specimens are not easily distinguished from large forms

of A. Trichomanes.

AsPLENiuM FURCATUM, Thuub. In the San Miguelito Mountains

(956 Schaffner).

AsPLENiUM PUMiLUM, Swartz. On the route from San Luis Potosi

to Tampico (1157 Palmer, coll. of 1878).

AspiDiuM ACULEATUii, Swartz. In the Escobrillos Mountains,

small but characteristic specimens (950 Schaffner).
— Var. Mouitz-

lANUM. (^4. 3foritzianum, Kunze.) In the San Rafael Mountains

(948 Schaffner).

AsPiDiuM PATENS, Swartz. At Sutherland Springs and Uvalde

Caiion, Western Texas (1432, 1433), and in the San Miguelito

Mountains (965 Schaffner).

AsPiDiUM ATHYRioiDES, Mart. & Gal. [Nephrodium sphcerocar-

pum, Hooker.) In the Morales Mountains (951 Schaffner), and in the

San Miguelito Mountains, young plants, not yet producing large fronds,

but still fruiting (949 Schaffner).

AsPiDiUM TRiFOLiATUM, Swartz. At Guajuco (1437).
Cystopteris fragilis, Bernh. In the region of San Luis Potosi

(1001, 1002 Parry & Palmer) ; on the route to Tampico (1158

Palmer, in 1878).

WoODSiA MOLLIS, J. Smith. In the San Rafael Mountains (957

Schaffner) ; also collected by Bourgeau (459).

WooDSiA OBTUSA, R. Br. (?) Sterile fronds only, collected at

Bluffton, Burnet Co., Texas (1434).

WooDSiA Mexicana, Fee. At Soledad, Coahuila (Palmer, not

numbered), and in the San Miguelito Mountains (927 Schaffner) ;

1000 Parry & Palmer, in some sets having W. mollis intermixed.
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Lygodium Mexicanum, Presl. On the route from San Luis

Potosi to Tampico (1159 Palmer, in 1878).

Ankimia Mexicana, Klotzsch. In the Caracol Mountains, Coa-

huila (1438) ; also a i'aw specimens at Guajuco, Kuevo Leon.

Aneimia tomentosa, Swartz, var. fulva, Hooker & Buker, In

the Escobrillos Mountains (945 Schaffuer).

Aneimia adiantifolia, Swartz. On the route from San Luis

Potosi to Tampico (IIGO Palmer, in 1878).
EoTRYCHiuM ternatum, Swartz. Well-developecl, nearly typical

specimens, in the mountains of San Miguelito (944 Schaffner).

BOTUYCHIUJI ViKGiNiANUM, Swartz. With the last (943 SchafF-

ner).

Equisetdm ROBUSTUii, Al. Braun. In swamps near Morales (964

Schaffner) .

Selaginella rupestris, Spring. In the mountains near San

Luis Potosi (933 Schaffner).

Selaginella lepidopiiylla, Spring. At Monterey (1439), So-

ledad (1440), and in the Escobiillos Mountains (935 Schaffner).

Selaginella cuspidata. Spring. At Soledad, Coahuila (1441),

and in the San Miguelito Mountains (934 Schaffner).

Selaginella pilifera, A. Braun. In the region of San Luis

Potosi (1008 Parry & Palmer). This is given on the authority of

Mr. Baker in a letter to Dr. Parry. The same letter gives n. 1009 as

S. cuspidata; but in the set of specimens at New Haven, n. 1009 is

an Acrostichum.

Selaginella saccharata, A. Braun. From the San Kafael

Mountains (936 Schaffner) ; so named at Kew.

Marsilia Mexicana, A. Braun. In the region of San Luis

Potosi (1010 Parry & Palmer). So named by Mr. Baker.

Weissia longirostris, Schwregr. (?)
At Guajuco, Nuevo Leon

(Palmer).

Ceratodox purptjreus, Brid. Mexico (Palmer). Not purple.

Trichostomum strictum, Bruch. (?) At Guajuco (Palmer).

Differing in its perichaetial leaves and longer operculum.

Trichostomum Schlimii, Muell. (?) Mexico (Palmer).

Barbula cirrhata, Muell. In the Sierra Madre, south of Sal-

tillo (Palmer).

Barbula obtusissima, Muell. Mexico (Palmer).

Ptychomitrium serratum, Schimp. Mexico (Palmer).

Brydm argentecji, Linn. In the Caracol Mountains, Coahuila

(Palmer).
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Symblephauis helicophtlla, Montg. (?) At Guajuco (Palm-

er). Sterile specimens. The vaginate portion of the leaf has a

delicate margin of slender cells, which increase gradually in number

toward the middle, from two to five.

Bartramia Gardneri, Muell. (?) At Morales, San Luis Potosi

(Schaffner).

PoGONATUM cucuLLATDM, Hampe. At San Miguelito (Schaffner).

Neckera Ehrenbergii, Muell. Same locality (Schaffner).

Cylindrothecium cojipressum, Bruch. & Schimp. (?) Mexico

(Palmer).
Pylais^a intricata, Bruch. & Schimp. In the Sierra Madre,

south of Saltillo (Palmer).

Hypnu.m adnatum, Iledw. (?) Same locality (Palmer).

Hypnum Huefleri, Juratz. Mexico (Palmer).

Metzgeria pubescens, Raddi. In the San Miguelito Mountains

(Schaffner).

Madotheca Mexicana, Hampe. On trees near Morales (Schaff-

ner).

NiTELLA CLAVATA, A. Brauii. At San Luis Potosi (Schaffner).

Nitella Asagr^ana, Schaffner. Same locality (Schaffner).

DoTHiDEA PERisPORioiDES, B. & C. Same locality (Schaffner).

UsTiLAGO Maydis, Corda. Same locality (Schaffner).

The following additions and corrections are to be made in the pre-

vious list of the Pohjpetalce of these collections.

Cedrela DuGEsn. The fruit of the uncertain species mentioned

on page 335, since received from Prof. Duges, permits a fuller de-

scription of tliis as an apparently very distinct species. Leaflets

3 pairs or more, lanceolate with a long slender acumination, 4 to 6

inches long, rather thin, entire, the veins rusty and sliglitly pubescent

beneath : panicle rather dense and contracted, the pedicels shorter

than the calyx; corolla 2^- lines long, pubescent: fruit oblong, about

an inch long : seeds with the wing scarcely as long as the body, 3 lines

broad or less.

Colubrina Texana, Gray. At Uvalde, Texas (170), and San

Lorenzo de Laguna, Coahuila (169).

Indigofeua leptosepala, Nutt, var. brevipes. At Monterey

(236). In some of the sets this will be found to be Astragalus Ntd-

tallianus. — Var. (?) angustata. In the Sierra Madre, south of

Saltillo (255).
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HoFFMANSEGGTA Jamesii, Torr. & Gray. At Saltillo (269).
Calliandua eriophylla, Benth. In the mountains north of

Monclova (319).

CoTONEASTER DENTicuLATA, HBK. In the Sierra Madre (785).

CuPH^A CTANEA, DC. In the mountains east of Saltillo (775).
TuRNERA DIFFUSA, Willd., var. APHRODisiACA, Urban, Jahrb. Bot.

Gard. Berl. 2. 127. T. aphrodisiaca, Ward, is thus referred by

Urban, with very good reason.

2. Descriptions of some New Western Species.

Greggia linearifolia. With the habit of G. camporum, but

the leaves linear, attenuate to the base, entire, 1 or 2 inches long ;

pod narrower, C lines long or less, and less than a line broad ; style

shorter (not a line long), and stigmas smaller.— At Presidio on the

Rio Grande (Wright, in 1848) ;
bluffs of Delaware Creek, Western

Texas (Dr. V. Ilavard, 1882) ; and at Parras, Coahuila (4G Palmer,

1880), referred to G. camporiim as a variety.

Sagina crassicaulis. Stout, much branched, glabrous, appar-

ently perennial with slender rootstocks, decumbent: leaves broadly

linear, pungent, fleshy, 2 to 6 lines long, united at base into a broad

scarious sheath : pedicels often 4 to 8 lines long : flowers mostly erect,

large, the sepals exceeding the petals, over a line long : styles very

short : capsule ovate, scarcely exserted. — On Dillon's Beach, Marin

County, California (J. W. Congdon, June, 1880). Resembling
*S'. maxima. Gray, of Japan.

MoNTiA HowELLii. A very slender diffuse annual, the stems \ to

3 inches long, procumbent and rooting : leaves very narrowly linear-

spatulate, 2 to 4 lines long, with a dilated scarious clasping base, very

rarely opposite, usually opposite to a triangular scarious clasping bract

which subtends a few- (usually 3-) flowered cluster ; pedicels shorter

than the leaves, reflexed in fruit: flowers very small ; petals 3 or 4,

unequal, slightly united at base, the longer ones slightly exserted :

stamens 3, hypogynous : stigmas 3, short : capsule ovate, about equal-

ling the calyx, 3-valved, 3-seeded : seeds black, smooth and shining.— Collected on Sauvies Island, in the Willamette River, Oregon, by

Joseph and Thomas Howell, who recognized most of its peculiarities.

It agrees in most of its characters with Montia as distinguished from

Claytonia, though some species of the latter genus (as C dichotoma

and C linearis) have often but 3 stamens and the petals unequal.
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The leaves are occasionally opposite, as in M. fontana, which in turn

sometimes has one of a pair reduced to a scarious bract. The valves

of the capsule in this species are shown by the microscope to be beau-

tifully cancellated.

Astragalus Matthewsii. Very shortly caulescent and cespitose,

villous-pubescent with rather short subappressed hairs : leaflets about

12 pairs, obovate to oblong-obovate, 2 to 5 lines long: peduncles

equalling the leaves, bearing loose racemes with green lanceolate

bracts : calyx campanulate, the lanceolate acuminate teeth half the

length of the tube ; corolla purple, about 9 lines long, twice longer

than the calyx : pod inflated, membranous, 2-celled, sessile, broadly

ovate, acuminate, densely white-villous, 9 lines long.
— At Fort Win-

gate, New Mexico ; collected by Dr. W. Matthews, U. S. A. Allied

to A. Biyelovii.

Astragalus (IIomalobus) Wingatanus. Near A. multijlorus,

scarcely 6 inches high, somewhat canescent with appress'^d pubes-

cence : leaflets 4 to 6 pairs, narrow, glabrate : calyx short and shortly

toothed
;
corolla purplish, 3 lines long : pod as in A. multijlorus but

sessile, obtuse or somewhat narrowed at base, rather more acute at the

apex.
— At Fort Wingate, New Mexico (Dr. W. Matthews, 1882) ;

collected in New Mexico also by Dr. E. Palmer in 1870 (14 and 61).

Astragalus hypoxylus. Perennial, with a prostrate branching

woody base and short slender herbaceous branches : leaves glaucous,

canescent with a fine appressed pubescence ;
leaflets 4 to 6 pairs,

obovate to oblong-obovate, obtuse, 1 to 3 lines long ; stipules distinct,

triangular-ovate : peduncles slender, exceeding the leaves (3 inches

long) ; racemes short and close : calyx-teeth narrow, equalling the

short-campanulate tube ; corolla 3 lines long : pod sessile, chartaeeous,

oblong and turgid, sulcate on the back and 2-ceIled by the intrusion

of the dorsal septum, 3 or 4 lines long.
— Collected at Maloney's

Ranch, in the Iluachuca Mountains, Southern Arizona, by J. G.

Lemmon, in July, 1882. Allied to A. Cobrensis and A, Arizonicus.

Spir^a (Filipendula) occidentalis. An herbaceous peren-

nial, 2 to 6 feet high, the simple stem glabrous or nearly so : leaves

appressed-silky on the veins beneath, 5-7-lobed, the lobes acute or

acuminate, doubly lacerate-toothed, the petiole with 1 to 5 pairs of

reduced ovate to narrowly lanceolate toothed leaflets ; stipules broad :

inflorescence a compound cymose panicle, pubescent with short some-

what appressed hairs : petals white, elliptical, sessile, 2 or 3 lines long :

carpels about 9, erect, narrowly lanceolate, long-stipitate, beaked by
the elongated style and villous (especially on the margin) from the
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summit of the style to the base.— Rocky banks of the Trask River,

Tillamook County, Oregon ; discovered by T. Howell and L, F.

Henderson, in July, 1882. Near S, Kamtschatica, Pall., from which it

differs in its pubescence, more developed petiolar leaflets, sessile

petals, longer styles, and more villous carpels.

RiBES AMBiGUUM. Intermediate between R. Afenziesn and H. Lob-

bit, having the spinose fruit of the one and the obtuse anthers of the

other. Glandular-pubescent and villous, especially on the petioles

and peduncles : leaves larger, 1 to 2 inches in diameter; stijjular spines

rather short : flowers smaller, the calyx 3 or 4 lines long above the

ovary, greenish, more or less villous : stamens equalling or scarcely

exceeding the white petals, the light-colored anthers very small, obtuse,

smooth : fruit densely covered with long spines.
— On Scott Mount-

ains, Northern California, at 8,000 feet altitude, trailing over rocks,

with the flowers very villous (Rev. E. L. Greene, August, 1876) ; on

Mount Adams, Washington Territory, at 5,000 feet altitude (W. N.

Suksdorf, 1882).

Seddm radiatum. Stems from a branching rooting caudex,
decumbent at base, 3 to 6 inches high : leaves oblong to oblong-ovate,
obtuse or only acutish, somewhat clasping by the narrower base, 3 to

6 lines long, delicately nerved when dry : flowers sessile ; sepals short

and triangular ; petals yellow, narrowly lanceolate, acuminate, 3 lines

long : carpels broad and with the beaks abruptly divergent and hori-

zontal in fruit. — In the Coast Ranges of California ; on Gavillan

Peak, Monterey County (742 Brewer) ; Sonoma County (J. W.

Congdon) ; Trinity County (V. Rattan) ;
Mendocino County (6566

Bolander). Resembling S. Douglasii (for which it has been mistaken,

and which has not yet been found in California), but with very differ-

ent foliage. This is the fourth species of the group with divaricately-

beaked carpels.

Gayophytum pumilum. Closely resembling low forms of G. ra-

cemosum, 6 inches high or less, glabrous or very nearly so, and

somewhat strict : flowers less than a line broad : capsule erect, very

shortly pedicellate, 6 lines long by half a line broad or more, the

numerous seeds oblique in the cells.— From San Bernardino Coun-

ty, California, to Washington Territory; collected by Dr. Torrey,

Kellogg, Lemmon, Parry, Rattan, and Suksdorf. In G. racemosum

the capsules are more narrowly linear, usually fewer-seeded, and the

seeds erect or nearly so.

Eryngium discolor. Stem erect, very slender (2 feet high), sim-

ple and monocephalous, or rarely sparingly branched : radical leaves

VOL. XVIII. (n. s. X.) 13
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long-petiolate, oblong to narrowly oblanceolate, thin, slightly crenate ;

the°cauline few, sessile, linear-lanceolate, acutely or spinosely toothed:

head oblong-ovate (about 6 lines long), shorter than the 10 or 12

linear-lanceolate bracts, which are white above and green beneath,

with a single spinose tooth on one or both sides ; head crowned with

3 or 4 similar bracts ;
floral bracts very narrow and spinosely acu-

jjjjjjate. At Cieneo-a in the Huachuca Mountains, Southern Arizona,

growing in water; J. G. Lemmon, September, 1882. Allied to

E. Mettaueri, Wood.

Su.EDA MiNUTiFLORA. Perennial (?), glabrous, the herbaceous

stems erect, 2 feet high, the branches mostly short and suberect :

leaves linear, not narrowed at base, 1 or 2 inches long, the upper

broader and clasping at base ; flo ,ver-bracts lanceolate to deltoid : in-

florescence mostly crowded, the very small flowers clustered in the

axils; perianth mostly scarious, not appendaged : seed less than half a

line broad.— At Santa Barbara, abundant in a marsh near the sea,

first collected by Mrs. Elwood Cooper, in 1879 ;
also at Los Angeles,

by Rev. J. C. Nevin, 1882.

EiuoGONUii Shockleyi. Closely allied to E. Kingii, dwarf and

very densely cespitose, densely tomentose throughout : leaves oblan-

ceolate and petiolate, 6 lines long or less : scapes less than an inch

hio-h : heads globose, compact ; involucres tomentose, scarious at base,

the lobes herbaceous : flowers included, rounded at base, pubescent or

nearly glabrous below, villous within, the narrowly oblong segments

white with a green midvein ;
filaments and elongated styles exserted.

— At Candelaria, Esmeralda County, Nevada, on bare rocks at 6,500

feet altitude; discovered by W. H. Shockley, June, 1882. Differing

from E. Kingii in its shorter peduncles, more compact globose heads,

smaller included flowers, narrower perianth-segments, more elongated

styles, and less sharply angled akenes.

Eriogonum Havardi. Perennial, with a very short branching

caudex : leaves all at the base, oblong-lanceolate, acute or acuminate,

petiolate, densely tomentose beneath and silky above, 1 to H inches

long : peduncles slender, 1 or 2 feet high, glabrous, sparingly dichoto-

mous above ; bracts small and ternate : involucres solitary, long-pedi-

cellate, or sessile at the forks, broadly turbinate and nerved, with

short erect teeth, somewhat pubescent or glabrate, a line long or more :

perianth densely silky, with narrow acute lanceolate segments, a line

long, yellowish : akene glabrous, ovate, acuminate, a line long.
— Col-

lected in the Chenati Mountains, Western Texas, by Dr. V. Havard,

U. S. A., 1882. An anomalous species, i*esembling E. lachnogynum,
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but with the reduced strictly ternate bracts of the subgenus Ganysma,
smoother invohicres, narrower perianth-segments, and glabrous akenes.

Euphorbia (Zygophyllidium) Plummek^e. Erect and slender,

from a subglobose or fusiform tuberous root, dichotomously branched,

puberulent, about a foot high : leaves opposite, the lowest oblong-, the

rest linear, an inch long by 1 or 2 lines wide, abruptly narrowed to a

short slender petiole ; glandular stipules obsolete : involucres mostly soli-

tary, narrowly campanulate, half a line long and about equalling the

pedicels ; lobes quadrate, inflexed, lacerate ; gland-appendages half as

long as the involucre, rounded, entire : styles slender, united at base,

bifid: capsule glabrous, depressed, 2\ lines broad: seeds globose,

without caruncle, smooth and dark-colored with a thin lighter-colored

scurfiness, a line in diameter.— On the " Sentinel
"
in Tanner's Canon,

Huachuca Mountains, Southern Arizona ; collected by J. G. Lemmon
and Mrs. S. Plummer Lemmon, July, 1882 (n. 2874). Closely

resembling forms of E. bi'formis (see page 151), excepting in the slen-

der styles, the larger capsules, and different seeds.

MiCROSTYLis PURPUREA. Stem a foot high, with an obtuse pur-

plish sheath at base and a single clasping acutish oblong-ovate to

oblong leaf, 3 inches long : raceme elongated, at length loosely

flowered; pedicels 1 to 1^ lines long: flowers small, purple, the

linear-oblong sepals 1^ lines long and exceeding the linear petals; lip

triangular-lanceolate, slightly auricled at base : capsule round-ovate,

about 2 lines long, exceeding the pedicels.
— In Tanner's Caiion, Hua-

chuca Mountains, Southern Arizona ; J. G. and S. P. Lemmon, July,

1882 (n. 2881).

MiCROSTYLis CORYMBOSA. Stem 6 to 8 inches high, with 1 or 2

obtuse greenish sheaths at base, and a single acute or acutish clasping

cordate-ovate leaf, 2 to 4 inches long: raceme contracted (^ to 1 inch

long), the pedicels 3 or 4 lines long, becoming in fruit 6 lines long:

flowers pale greenish yellow, the oblong acutish sepals l^ lines long,

exceeding the very narrowly linear sepals ; lip broadly cordate, rather

abruptly long-acuminate, not auricled at base, thin : capsule oblong-

ovate, 3 or 4 lines long.
— In the same locality ; J. G. Lemmon, July,

1882 (n. 2882).

Allium Plumjier^. Bulb oblong, rhizomatous : leaves flat, linear,

2 or 3 lines wide, nearly equalling the scape, which is a foot high or

more : umbel erect, few-flowered ; bracts 2, long-acuminate, an inch

long and equalling the slender pedicels : corolla white, the lanceolate

acute segments 4 lines long, slightly exceeding the stamens: capsule

prominently crested. — In the same locality and by the same enthu-

siastic and indomitable collectors (n. 2893).
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BouTELOUA (Polyodon) Texana. Perennial, densely cespitose,

glabrous or loosely villous, the culms erect or geniculate at base, | to

1 foot high: leaves shorter than the culms, flat or revolute, some-

times pubescent on the upper surface : spikes 5 to 10, secund, cuneate,

about 6 lines long with the awns ; spikelets 4 to 6, crowded on the

very short rhachis : glumes short-villous or pubescent on the back, very

unequal, the lower bifid and the midnerve produced into an awn;

flowerinor orlume 3-awned and with a broad tooth on each side of the

middle awn ;
sterile flowers 2 or 3, consisting of more or less similar

3-awned glumes.
— Frequent from Arkansas to Western Texas (1535

Berlandier ;
340 and 374 Drummond ; 732 Lindheimer ; 752 Wright ;

771 Hall, distributed as B. offinis) ; collected also by Reverchon

and others. It appears to be the ^gopogon rigidlsetus of Steudel,

and is perhaps the "
Atheropogon affinis, Fournier," mentioned by

Bentham.
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INVESTIGATIONS ON LIGHT AND HeaT, PUBUSHED WITH APPEOPRIATION FKOM THB

RcMPORD Fund.

XI.

CONTRIBUTIONS FROM THE PHYSICAL LABORATORY OF

HARVARD UNIVERSITY.

ON THE HEAT PRODUCED IN IRON AND STEEL

BY REVERSALS OF MAGNETIZATION.

By John Trowbridge and Walter N. Hii.l.

Presented May 29th, 1883.

The object of our investigatioa was to determine whether the heat

which is generally attributed to rapid magnetizing and demagnetizing

is really due to this cause, or to induction currents in the mass of the

iron. Our work, however, had in the beginning a more practical object.

Since cylinders of iron and steel are heated when they are made the

cores of electro-magnets, and are submitted to the effects of rapidly

alternating currents, it was thought that they might exhibit different

decrrees of heating, and therefore that a process of determining the

character of iron and steel might be based upon the phenomena ob-

served, which could be called an electro-magnetic criterion of certain

physical properties of these metals. It is well known that chemical

analyses of steel and iron throw very little light upon their physical

properties, such as tenacity and elasticity in general. There is no sat-

isfactory test for the properties of different steels save by a testing-

machine, and this is not readily applicable in many cases. If a

method could be devised which depended simply upon electrical and

magnetic phenomena^ it would be a valuable aid to the metallurgist.

The amount of sulphur, of phosphorus, and other ingredients be-

sides iron, is very small in steel, and it could hardly be expected that

their presence or absence could be detected by the difference of heat

developed under the influence of alternating currents, unless this heat-

ing is really due to molecular agitation produced by magnetization

and demagnetization. If the heating is due to alternating induction

currents in the mass of metal, there should be very little difference in

the amount of heat developed by different specimens of steel ; for their

electrical resistance would not differ sensibly from the presence or

absence of a fraction of one per cent of phosphorus or sulphur. If

the heating is due to magnetization or demagnetization, and to an

a
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actual twisting of small magnets in their beds, then the molecular

arrangements consequent upon different admixtures of various ingre-
dients might produce more heat in one specimen than in another, and

thus afford a criterion of the character of the steel.

We therefore determined to try our experiments on a practical

scale,
— to employ a powerful alternating dynamo-electric machine,

and to submit the specimens of iron and steel, in a very strong mag-
netic field, to the alternating currents, in order to develop a lar^e

amount of heat in a short time. The dynamo-machine was of the

Wilde type, and made six thousand reversals of curient per minute.

The currents were passed through a dynamometer,— wliich is described

in the Proceedings of the American Academy of Arts and Sciences,

1878-79, p. 122,— and also through the coils in which the specimens
were placed. A simple arrangement of keys enabled us to throw the

coil, enclosing the specimen, into the circuit, and to withdraw it,
— the

current passsing continuously through the djnamometiT. The latter

instrument gave deflections which were proportional to the strength
of the currents employed, and to the amount of work done in heating
the iron specimens, although the absolute strength of the currents

could not be determined without a calculation of the self-induction of

the coils and of the dynamo-machine. The specimens of iron were

immersed in a cylindrical copper calorimeter filled with mercury, and

the space between the walls of the calorimeter and the surrounding
coil was packed with infusorial earth, which is a very good non-

conductor of heat. The duration of each experiment was one minute.

In this time the strength of the current was observed, and the rise of

the thermometer was ascertained. During the space of one minute

the coil employed did not heat perceptibly. In two minutes, however,

the coil was heated, and it was therefore determined to limit the time of

the experiments to one minute, and to take the rise of temperature dur-

ing that period. The amount of mercury and the pieces of iron were

carefully weighed, with a view of using the data quantitatively ; but the

subsequent experiments showed that this was impossible, for the heating

effort was confined to the outer layer of the iron, and the temperature

at the centre of the bar was very much less than that at the exterior.

In the following table the first column contains the number of the

iron, and opposite the number is the analysis. The third column con-

tains the weights of metallic cylinders employed. The fourth column

gives the current when one coil— called green for convenience— was

used; the fifth column gives the temperature for this coil; the sixth,

the current for another coil,
— red coil ; and the seventh, the tempera-

ture for the latter coil.
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us to determine any difFerences in molecular heating,
— if the heat

developed by magnetizing and demagnetizing i.s due to molecular heat-

ing. If it is due entirely to induction currents in the metals, the

slight changes in electrical resistance produced by small quantities of

sulphur, of phosphorus, and of carbon would be inappreciable in the
masses of iron which we used, and we should expect to obtain under
the same conditions the same rise in temperature for the different

specimens of steel. Our previous work* on cobalt and nickel must
therefore have been affected by some error.

We next determined to ascertain if the heating was confined to

the surface of the metallic cores. Theory indicates this to be the

case, whether we adopt the hypothesis that the heat is due to magnet-
ization and demagnetization, or the hypothesis that it is produced by
induction currents. We could not find, however, any experiments
upon this point. The bars were prepared as follows. Each one was
bored one half its length. At the outer end of the hole a shoidder
was turned in order that a short piece of glass tubing could be ce-

mented in. One thermometer was j^laced in the mercury surrounding
the bar of iron, and another was hung in the hole in the centre of the

bar, the hole being also filled with mercury. It was difficult to dis-

tinguish between the conduction of heat and the evolution of heat.

The rise of temperature indicated by the inner thermometer, however,
was probably entirely due to conduction of heat, as can be seen by
comparing the amounts of mercury surrounding the two thermometers.

The following table exhibits the results obtained. In the third

column an arbitrary designation is given to the electro-magnetic coils

which were used in the experiments.
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If the heating is due to molecular movements produced by magnet-

izing and demagnetizing,
— and tiie musical note is adduced as an evi-

dence of this,
— the bar would vibrate as a whole, and would become

heated throughout on account of this vibration. It is difficult to con-

ceive how the surface action of magnetism can communicate vibra-

tions to a solid bar of iron one inch and a half in diameter. If the

bar vibrates as a whole, a certain amount of heating of the bar takes

place throughout its interior. Tlie heat in the interior of the bar,

however, must be less than that at the exterior, where the magnetiza-

tion exists in full strength. We believe, however, that the musical

note is due to a forced vibration in the coil of the electro-magnet,
—

possibly due to electro-magnetic attractions ; for the note can be

heard when the iron core is removed, and is stronger when the core is

in place simply because the magnetic field is strengthened.

The appearance presented by iron filings strewn upon the pole of a

straight electro-magnet, which is submitted to the action of an alter-

nating current, shows very strikingly the fact that it takes time to

magnetize, and that magnetism resides upon the exterior of electro-

magnets. Under the influence of strong currents alternating six thou-

sand times a minute, the electro-magnet is still capable of attracting

an armature with great force. The filings arrange themselves as

a narrow fringe or ring upon the circumference of the end of the

cylindrical bar constituting the core of the electro-magnet, leaving the

surface of the end of the cylinder entirely free from filings. If filings

are scattered upon this free portion of the surface, they waltz to the

circumference. The fringe of iron filings vibrates in unison with the

alternating currents.

In connection with this investigation, it may be interesting to refer

to some experiments made by Lt.-Comm. A. G. Caldwell, U. S. N.,

and ourselves, on demagnetization. These experiments were made in

1880, but have not been published.

Perfect demagnetization, or entire absence of magnetism in a mass

capable of magnetism, is a condition of great rarity. Approximate

demagnetization has been brought about with some difficulty, but deli-

cate tests would show traces of polarity.

We have, however, discovered a method by which complete de-

magnetization may be rapidly and easily produced. The principle

involved is the setting up of a state of powerful magnetic vibration,

by which all previous magnetic conditions are obliterated, and on the

subsidence of which no polarity remains. This state of vibration is

induced by an alternating current of sufficient strenyf.h. By this an
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effect is induced in the magnetized mass which can only be compared

to a vibration or wave. The reversals of the inducing current cause

corresponding reversals of polarity in the body acted on, and as these

reversals are continuous and very rapid (5,000 to 6,000 per minute,

for example), a molecular vibration probably arises. It is probable

that a condition of strain or set is one of the jjhenomeua of mag-

netism.

The particles have been made to assume a certain definite or polar

relation or position. When, however, a powerful movement or vibra-

tion is caused, it is evident that when this vibration has become com-

plete,
— that is, involving the whole mass,— all previous conditions

of strain or "permanent set" will be overcome. It must be remarked

that, in order to perfectly attain this result in all cases, the exciting

force must be sufficient.

When the alternating current ceases, the body acted on is left per-

fectly free from polarity. It is, however, in a state of extreme sensi-

tiveness, and must be allowed to remain at rest for a short time. If

it is placed north and south, it will assume polarity, and very strongly,

if struck with a hammer when held in the position of the dip.

Demagnetization requires but a short time in most cases,
— from

one to three minutes if the current is properly adjusted. There are

several ways of performing the experiment, but it will be sufficient at

this time to refer to a few of them. The most effective method is to

enclose the mass to be demagnetized in a coil of such a length that

the whole body will occupy an approximately central position. The

coil may be a simple one, in which case it must stand east and west,

and before removing the object the electric machine must be stopped,

and the current allowed to die away. Also, when the object is taken

out of the coil, it must be carefully shielded from the earth's induc-

tion. Or the coil may be so constructed that it can be opened or

divided at the centre without breaking circuit, and then the object

can be taken out without stopping the alternating current. One of

the coils we used was made of No. 12 copper wire, wound as one coil,

but in halves, with an elastic connection. It is well known that, with

an alternating current, self-induction in the coil materially reduces

the current, and therefore the coil should be one of a comparatively

small number of turns.

Demagnetization of small masses, not too retentive of magnetism,

may be performed by placing them on the end of a bar contained in

the coil, which is a part of the alternating circuit. A bar of low steel,

somewhat longer than the coil, was used, and the small objects placed

on its projecting end.
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Perfect demagnetization is attained with varying difficulty. Ordi-

narily, it is rapidly and easily accomplished. Sometimes a longer

time is required, or a more intense action. In numerous experi-

ments, we derived the alternating current from a Wilde machine

which gave about 6,000 reversals per minute. This rate is probably

greater than is required or desirable, except in extreme cases. About

3,000 to 4,000 reversals would be a better general rate, although of

course the operator should arrange his apparatus so that he could get

more reversals if necessary. Failure will result if the speed is too

great, as might be expected if the view here taken is correct. Usually,

it will be more convenient to employ, instead of an alternating ma-

chine, a battei-y with a reverser arranged for varying speeds.

One application of this method is to the demagnetization of watches.

Watches strongly magnetized are completely demagnetized by one to

three minutes' exposure in the coil. Frequently unsuspected traces of

magnetism cause annoying irregularity of action of a watch. This

method enables us entirely to remove this difficulty.

Some very curious and interesting results were obtained by experi-

mentiujj with magnetite.

A specimen of very pure magnetite, from North Carolina, showing
marked magnetic properties, was completely demagnetized by a some-

what long exposure to the action of an alternating current applied as

described above. Before demagnetization the piece had shown con-

sequent points, although in general it possessed polarity. After

treatment it attracted either end of a very light suspended needle

indifferently, and when any part of the mineral was presented, just

as a piece of soft iron would do. The demagnetized specimen was

then placed across the poles of an electro-magnet excited by a strong

current from a Gramme machine. It became strongly magnetic, with

distinct poles, and without the consequent points it at first had.

After this it was treated like an ordinary bar magnet, and magnetized
or demagnetized at will.

Another more impure piece was originally less strongly magnetic,
and was demagnetized with great difficulty. At first it displayed no

general polarity, having consequent points irregularly distributed.

After demagnetization it received induced magfnetism and became

polar, but it was a much feebler magnet than the previous specimen.

Demagnetization was afterward performed more easily than at first.

A still more impure specimen was treated, but with the means at

hand it was not perfectly demagnetized, although so nearly was this

done that only traces of magnetism were noticeable.
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The results of our work can be stated as follows :
—

1. The heat developed by reversals of magnetization is probably

due to induction currents, and not to molecular vibrations
;
for con-

siderable changes in the molecular structure of different specimens

of iron and steel fail to show differences in the amount of heat

developed.

2. The heating of iron cores of electro-magnets, which are submit-

ted to alternating currents, is confined to the surface until conduction

equalizes the heat of the cores.

3. The musical note emitted by the core is the note of the coil, due

to the number of reversals of the machine, and is merely strengthened

by the metallic core of the electro-magnet. This note should not,

therefore, be used as an argument in favor of molecular vibrations of

magnetic particles.

4. Experiments on demagnetization confirm what has long been

known in regard to the effect of vibrations and shocks upon the mag-
netic condition of iron and steel. They do not invalidate our results

upon the heat produced by reversals of magnetization ;
for a very

slight change in position of the molecules might affect the magnetism
of a bar, and yet be insufficient to produce the great heating observed

in the armatures of dynamo-electric machines.
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Intestigatioks on Light and Heat, published with Appropeiation prom thk

komford fcnd.

XII.

CONTRIBUTIONS FROM THE PHYSICAL LABORATORY OF
HARVARD UNIVERSITY.

ON THE HEAT PRODUCED IN IRON AND STEEL BY

REVERSALS OF MAGNETIZATION.

By John Trowbridge and Charles Bingham Penrose.

Presented May 29th, 1883.

The following experiments were made with the object of testing cer-

tain deductions that seem to follow from Weber's theory of magnetism.

The test applies to any theory which regards magnetization to be due

to a regular change of position or rotation of the molecules. Weber's

theory, doubtless, has strong experimental evidence in its favor, such

as the experiments of Beetz,* showing a maximum intensity of mag-

netization in iron deposited by electrolysis in a magnetic field. But

the experiments of Siemens! indicate that the theory must at least be

modified; and our experiments upon the heat developed by rapid

magnetization and reversals of magnetization seem to show that mo-

lecular work— at least of the kind supposed by Weber— does not

play so strong a part in magnetic phenomena as has generally been

supposed.

Various observers have measured the heat which they supposed to

be due to magnetization and to reversals of magnetization. Thus

Joulet revolved a piece of iron, contained in a tube of water, between

the poles of a horseshoe magnet, and measured the rise of temperature

and the work done. Van Breda § placed an iron cylinder in a coil of

copper wire, bored a hole in the iron, and placed the bulb of a spirit

thermometer in this hole. On passing a continuous current of elec-

tricity through the coil, no increase of temperature was denoted by the

thermometer. When, however, the current was made and broken

* Fogg. Ann., cxi., 1860.

t Ann. Phys. Chem., 1881.

t Phil. Mag., xxiii. 263, 347, 435, 1843.

§ Compt. Rend., xxi. 961
; also, Pogg. Ann., Ixviii. 552, 1846.
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thirty times a second by an interrupter, the thermometer showed a

marked rise in temperature. Grove * surrounded a horseshoe electro-

magnet with water at a constant temperature, phiced a thermo element

upon the armature, which was carefully covered with flannel, and found

an increase of temperature upon interrupting or reversing the electrical

current. He found no effect in non-magnetic metals. Villari f endeav-

ored to show the same effect from transversal magnetism, by passing

an interrupted current through two wires, one of lead, and the other

of iron or steel. These wires were bent in the middle, placed in glass

cylinders, so that their ends projected through corks at each end of

the cylinders. The glass cylinders were filled with absolute alcohol,

and were provided with capillary tubes, and thus served as spirit

thermometers. The cylinders were placed parallel to each other.

The circuit was arranged so that the interrupted current preserved

always the same direction in the lead wire, while at each interruption

it was reversed through the iron or steel wire. The lead wire showed

no increase of heat, while the iron wire exhibited a marked rise of

temperature. These various experiments can be explained on the

theory that the heating is due to induction currents generated in the

mass of the iron by its sudden introduction into a magnetic field.

And the effect is greater in the iron and steel than in non-magnetic

metals, from the reason that the coefficient of induction is very greatly

increased by the substitution of an iron core in an electro-magnet for

a non-magnetic core.

It is claimed by some investigators, however, that the heating is due

to a greater degree to the movinij or twisting of the molecules of the

iron in their beds while under the influence of the alternating and

magnetizing currents. Indeed, this view is apparently held by the ob-

servers Avhose experiments we have quoted. And a late paper, by W.

Siemens $ leads the reader to infer that the internal friction among the

molecules of the iron contributes largely to the heating due to rever-

sals of magnetism. The phenomena which support the view that the

heat observed when a bar of iron or steel is magnetized and demagnet-

ized is due to molecular action, are the following. The bar gives forth

a musical note, which is attributed to longitudinal vibrations of the

bar. A bar of steel is lengthened when magnetized. Magnetic

filings distributed upon the poles of the electro-magnet move tremu-

* Pliil. Mag., XXXV. 153, 1849; Vo^s- Ann., Ixxviii. 567.

t Nuovo Cimento, Ser. II., Vol. IV., Nnv.-Dec, 1870.

j:
Ann. der Pliysik und Cliemie, No. 12, 1881, pp. 635-656.
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lously under the influence of reversals of naagnetism, and it is sup-

posed that the particles of the entire mass of the iron partake more or

less of this movement. A musical note, however, is given forth by

the coil of the electro-magnet before the iron core is inserted, when

an alternating current is passed through the coil. This musical note

is very weak, and is greatly strengthened by the insertion of the iron

core. This note can arise from the attraction of the spires of the coil,

which communicate a vibrating motion to the air in the neighborhood

of the coil ; and this action is much increased by the inductive action

caused by the insertion of the iron core.

If we accept Weber's theory, and suppose that the heat developed

is due to a movement of the molecules, it follows that, if a piece of

iron is alternately magnetized in different directions, the movement

of the molecules, and the resultant heat, must be proportional to the

angle between the directions of magnetization. Our experiments

were made to test this conclusion.

A circular disk of soft iron was placed between the poles of two

electro-magnets. A current was passed alternately through the mag-

nets. The rise of temperature of the disk, after a certain time, was

measured, when the axes of the poles were in the same straight line,

and when they were inclined to each other at an angle a little less

than 90°. According to the general theory, the heating should be less

in the latter case.

Two disks cut from different pieces of soft iron were used. The

diameters were respectively 2.7 cm. and 1.3 cm. ; the thickness, 0.1 cm.

In order to make the magnetic field of the same strength in the two

positions of the magnets, shunts of suitable resistance were applied to

the circuits when the axes of the magnets were in line. The inten-

sity of the field of each magnet was measured, in the two positions,

by rotating a coil of fine wire. The arrangement of the shunts was

found to answer perfectly ; the intensities being unaltered by change
of position. In the first series of experiments this precaution was

neglected, and there was consequently a greater heating effect in one

case than in the other.

The arrangement for reversing the direction of magnetization con-

sisted of a large disk of cherry wood, 91.5 cm. in diameter, and 5 cm.

in thickness. Around the circumference of the disk were listened, at

equal distances apart, 104 strips of sheet brass, 1.35 cm. Avide. The

disk was placed upon one end of an axle, the other end of which car-

ried an iron wheel about 60 cm. in diameter. The iron wheel could

be turned by a handle fastened to one of the spokes. All the brass
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strips were connected by a double copper wire with tlie axle. Upon
the circumference of the woodeu disk pressed two brushes of sjiring

brass, arranged at such a distance apart, one above the other, that they

were never simultaneously in contact with a brass strip. Each brush

consisted of two pieces of brass 2.2 cm. wide. Across the axle was

placed a strip of brass, held always in contact with the axle by two

wires attached to the table. One of these wires was connected with

one pole of the battery. The other pole was connected with the two

magnets, and each brush was connected with one of the magnets. It

is obvious that, by this arrangement, rotation of the disk would cause

the current to j^ass alternately through each magnet. In the battery

circuit was included a tangent galvanometer, to show any alteration

in the strength of the current. It was found that the wheel could

easily be turned uniformly 100 times a minute. This obviously

magnetizes the iron disk 10,400 times a minute in each direction.

The molecular arrangement is consequently changed 20,800 times a

minute.

The elevation of temperature in the iron disk was measured by
means of a thermo-electric element. A wire of German silver was

soldered in the middle of one surface of the disk, and in the middle of

the opposite surface was soldered an iron wire. The two wires were

connected respectively with the wire from a reflecting galvanometer

of six ohms resistance, and with the iron wire of another iron and Ger-

man silver junction. The latter junction was placed in a glass tube,

packed with asbestos, and maintained at the temperature of the room.

The German silver wire of this junction was connected with the re-

maining wire of the galvanometer. The larger iron disk was placed

perpendicular to the axis of a glass tube, which exactly fitted it ; and

the two wires from it were passed through corks in the extremities of

the tube. The tube was placed perpendicular to the axes of the mag-

nets, with the iron disk horizontal, and in the centre of the field.

Several observations were made with the axes of the magnets in

line, and with the axes inclined at an angle of about 90'^. The wheel

was turned for three minutes, in some cases four. At the end of this

time the deflection in the galvanometer was 0.5 to 0.8 cm., and in every

case the same deflection was obtained after equal times, whether the

axes of the magnets were inclined at an angle of 180° or of 90'^.

In the preceding experiments the glass tube was pressed against

the cores of the magnets ; separated from them only by a sheet of

paper. It was thought that the heating of the cores by the rapid

magnetization and demagnetization might be communicated to the
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iron disk, and thus mask the heating effect peculiar to it. That the

generation of heat in the wire of the magnets had no influence was

proved by passing a steady current through the magnets for several

minutes, when no deflection was observed in the galvanometer. To

avoid the heating effect of the cores, the smaller iron disk was placed

in a glass tube whii-h exactly fitted it, as in the preceding case. The

ends of the tube were tightly closed, and it was placed in a larger

tube, 2.7 cm. in diameter, parallel to the axis. A stream of water

was passed through the outer tube. After several attempts, however,

it was found that the water pressure was so variable that the arrange-

ment would not answer. The larger tube was then tightly packed

with asbestos, a layer of about one centimeter in thickness surround-

ing the smaller tube. It was thought that this arrangement would

certainly prevent any communication of heat during the three minutes

that the experiment lasted.

The result of this experiment was the same as before. The deflec-

tion due to the heating was unchanged by changing the positions of

the magnets. The deflection was about 0.1 cm. smaller than in the

preceding cases, probably on account of the smaller size of the disk.

The experiments were then repeated upon a copper disk of about

the same size as the larger iron disk. No heating effect whatever was

observed. It must be remembered, however, that in this case the

thermo-electric element consisted of copper and German silver, the

electromotive force of which is much less than that of iron and Ger-

man silver.

The battery used in these experiments consisted of a modified form

of Bunsen cell. The outer vessel contained dilute sulphuric acid ; the

inner vessel contained a solution of 150 gr. of bichromate of potash

and 450 gr, of sulphuric acid to one litre of water. This cell was

found to be fully as constant as the Bunsen.

The inteusities of the magnetic fields were measured, after the ex-

periments were over, by placing a small coil of copper wire before the

poles and reversing the current. The current was somewhat less than

when the cells were first set up.

The intensities of the magnets were respectively 2,033 and 760

times the horizontal intensity of the earth's magnetism. In the

C. G. S. system the intensities were 343.57 and 128.44.

The results of the preceding experiments show that the chief heat-

ing in a mass of iron, that is alternately magnetized in different direc-

tions, is not due to molecular motion ; at least, if this motion is similar

to that assumed by "Weber's theory.

VOL. xviii. (n. s. X.) 14
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The following experiments were made in order to test Maggi's
results * in regard to the effect of magnetism upon the thermal con-

ductivity of iron. Maggi's conclusions have never been confirmed, and

have been much doubted by other observers. The experiments of

Sir W. Thomson,t in which he found that longitudinal magnetization

diminished, while transverse magnetization increased the electrical

conductivity of iron, afford— from the fact that electrical and thermal

conductivities are in general proportional
— the chief confirmation of

Maggi's results. The experiments of Thomson have, however, been

questioned.

In the method employed by Maggi, a circular plate of soft iron

was placed horizontally upon the poles of a vertical horseshoe magnet.

Through the centre of the plate passed a lead tube conveying steam.

The surface of the plate was covered with a mixture of oil and wax.

When the magnet was made, the melted wax was bounded by an

ellipse. If the conductivity had been equal in all directions, it would

have been bounded by a circle. The long axis of the ellipse was

perpendicular to the line joining the two poles ; the short axis was

parallel to the line. The ratio of the axes was G : 5. The two

poles were separated from the iron plate by paper. In order to

compensate for the direct effect of the poles upon the flow of heat,

two bars of soft iron were placed symmetrically beneath the plate, at

the extremities of the diameter, perpendicular to the line
j nning the

poles. No effort seems to have been made to avoid the effect due

* Bibl. Univ. Archiv., 1850. t Pliil. Trans., vol. cxlvi.
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to the frictional generation of heat in the magnetic coil. Several

otiier complicating causes are apparent in the arrangement which

Maggi used.

A year ago we made some experiments, by a rather rough method,

to find the effect of magnetism upon thermal conductivity, and obtained

decidedly negative results. The same results have been obtained

in the present experiments, though a much more sensitive arrange-

ment was employed. The following method was used. A bar of

soft Norway iron, 95 cm. long, 1.3 cm. wide, and 0.2 cm. in thick-

ness, was placed horizontally through the sides of a wooden box

6 cm. wide, and 25 cm. high. The top and one side of the box

were removed. 17 cm. from each end of the bar was soldered a

thick German silver wire. Each projecting arm of the bar was

enclosed in a glass tube 1.4 cm. in diameter. The ends of the tubes

were closed with cotton. The ends of the iron bar projected

slightly beyond the ends of the tubes, and were exposed to the air

of the room. One arm of the bar w'as placed between the poles

of a large electro-magnet, with its flat surface perpendicular to

the axis of the magnet. The axes of the poles were in the same

horizontal line, perpendicular to the bar. The tube between the

magnetic poles was wrapped in a piece of thick asbestos cloth, in

order to avoid complications arising from the generation of heat in the

magnetic coils. The distance between the poles was about 2.5 cm.

A Bunsen lamp was placed in the wooden box, and was so regulated

as to maintain the iron above it at a very dull cherry-red heat. The

German silver wires were connected with the wires of a reflectinof

galvanometer of six ohms resistance ; the connections were separated

by paper, bound together and covered with cloth. The lamp was

always lighted from four to five hours before any observations were

made. It was found that by this time the apparatus had practically

reached a condition of thermal equilibrium. At first the current from

a battery of ten Grove cells was used ; afterwards a battery of twenty-
six very large Bunsen cells was used.

After the lamp had been burning for four hours, there was always a

permanent deflection of the galvanometer of about 12 cm. "When the

current was now passed through the magnets, this deflection was imme-

diately changed permanently. The change was found to be due to the

direct action of the magnet upon the galvanometer needle, though the

distance between the two pieces of apparatus was about 10 meters.

This deflection amounted to 2.8 cm. when the stronirer current was

used. Thirty minutes after the magnet was made, the galvanometer
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spot was always found to have changed by about 3 cm. The direction

of the change was such as to show that the junction on the magnetized

arm was becoming warmer. It was at first thought that this confirmed

Maggi's results.

The apparatus was next arranged with one arm of the iron parallel

to the axis of the magnet. The arm was passed through the hollow

core of an electro-magnet somewhat stronger than the preceding.

The same battery was used. The details of the experiment were

exactly the same as when the bar was perpendicular to the lines of

force. The results of several observations here also showed that the

junction on the magnetized arm became hotter under magnetization.

We had previously assumed that the heat developed in the mag-

netic coil would be too slight to affect the iron bar. This assumption

was now proved to be incorrect, by placing the unheated bar,

arranged exactly as in the preceding experiments, in the magnetic

field. When the magnet was made the galvanometer needle began

slowly to move, always in the direction showing a heating of the

junction on the magnetized arm. This deflection was slightly larger,

after the same space of time, than the deflections observed in the pre-

vious experiments, and consequently rendered the results of these

experiments useless.

In order to avoid complications arising from the heat generated by

the electric current, the following arrangement was adopted. About

17 cm. from one end, the iron bar was bent upon itself. At the end

of the bent part, and at the point of the bar opposite this end, were

soldered two German silver wires. These two thermo-electric junc-

tions were about 0.4 cm. apart, and were separated from each other

by densely packed asbestos. The arm was placed in a glass tube,

arranged as before. The bar was heated about 19 cm. from the

thermo-electric junctions. By this arrangement the heating of the

mao-netic coils had an equal effect upon the two junctions, while

any change, due to altered conductivity, of the flow of heat along the

bar would affect the relative temperatures of the junctions. When

the German silver wires were connected as before with the gal-

vanometer, and the unheated bar was placed either parallel or perpen-

dicular to the axis of the magnet, there was, after forty-five minutes

observation, absolutely no deflection in the galvanometer. This

showed that the arrangement obviated all difficulties arising from

heating the coil ; and, moreover, that the magnetic field did not per-

ceptibly alter the thermo-electric relation of iron and German silver.

When the bar was placed perpendicular to the axis of the magnet,
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thin plates of soft irou, running the length of the glass tube, were

placed upon the magnetic poles, thus lengthening the field through

which the bar passed. The bar was next heated as before. After

several hours, the galvanometer generally showed a permanent deflec-

tion of 3o-40 cm., in a direction indicating that the junction at the

end of the bar was the cooler. Several observations were made,

both when the bar was parallel and perpendicular to the axis of the

magnet. The current was passed for about one hour, and in every

case there was absolutely no change of the deflection beyond the

immediate change due to the direct action of the magnet.

The result of these experiments seems conclusively to show that

longitudinal and transverse majjnetism— at least of the strength used

— have no influence upon thermal conductivity of soft iron. It was,

however, decided to try a thinner piece of iron than the preceding. A
strip of ordinary tinned iron was therefore cut about 1.3 cm. wide,

and was bent over and arranged exactly as before. The whole tube

was packed with asbestos and cotton to avoid any motion of the strip

when the magnet was made. The distance of the flame from the two

thermo-electric junctions was 10 cm. A heating of ninety minutes was

found to be sufficient in this case for the strip to reach a permanent
condition of temperature. The deflection showing the difference of

temperature between the junctions was about 13 cm. AVheu the

magnet was made, there was no change of the deflection after thirty-

five minutes' observation.

The strength of the magnetic field when the bar was placed perpen-

dicular to the lines of force was measured after the preceding experi-

ments were made, and was found to be 10,420 times the horizontal

intensity of the earth's magnetism at Cambridge. In the C. G. S.

system this would be about 1,760.

Aside from the experiments of Maggi, those of Thomson upon
electrical conductivity are the only experiments that seem to be

directly opposed to the conclusion that must be drawn from our

observations. Magnetism undoubtedly changes several physical prop-

erties of iron, but though this renders it probable, a priori, that the

thermal conductivity might be changed, yet it does not necessitate

8uch a change. The thermo-electric relation of iron is changed by

magnetization, but the thermo-electric relation appears to be uncon-

nected with thermal conductivity.
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In general we have, if cr denote the Thomson effect and T the tem-

perature,

There are, however, certain cases in which it appears that this integral

is not zero. These cases occur when an abrupt variation of tempera-

ture takes place across any plane cutting the conductor. It is well to

consider the problem from several points of view. Suppose a homo-

geneous circuit so heated that one part is maintained at the constant

temperature 7', and the rest at the temperature T^, the change of

temperature taking place at two planes which cut the conductor.

The Thomson effect can only take place at these planes, and it is of

opposite sign at each. The only heat effect, as far as we know, in

this circuit, is the Thomson effect ;
if there is any electromotive force,

we must have
E =^ (T^

—
o"b>

a^ and o-^ being the effects at the planes.

From thermodynamic principles, it is obvious that the absorption

must take place at the higher temperature T, and the evolution at T^.

The second law of thermodynamics gives

This equation shows that o-^ cannot equal o-^, and in this special case

of a homo<^eneous circuit there must be an electromotive force. "We
'»
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also see that, at least for this case, the Thomson effect must be pro-

portional to the absolute temperature.

To look at the problem from another point of view, suppose that in

the homogeneous circuit there is but one abrupt change of tempera-
ture. That is, the temperature varies continuously from T^

—
T'j,

and

then falls abruptly to T^. In this case the curve representing the

change of temperature along the curve is discontinuous at T. The

integral of o- tlirougliout the circuit is then not necessarily zero. The

part of the integral corresponding to the fall from T— T^ has in this

case the maximum or the minimum value of which it is capable. The

complete effect through the circuit is represented by

h
To

If (T varies with the temperature, this expression cannot equal zero.

If the current is in such a direction as to absorb heat at the plane of

abrupt variation of temperature, the part of the general integral cor-

responding to the abrupt change has its maximum value ; otherwise

it has its minimum value. There is nothing in the equation to deter-

mine the direction of the current. Its intensity will obviously be the

same in either direction,

/"
crdT
T

being a mean between its maximum and minimum values. We have

tried several experiments to see if the direction of the current was

related to the direction of the Thomson effect. It was soon perceived,

however, that in the method employed many complicating causes

masked the effect sought. From the fact that the equations show that

a current can take jjlace in either direction, we must conclude that

there are most probably equal currents in opposite directions, making
the resultant cui-rent equal zero. This is especially so in the perfectly-

symmetrical case first considered, where there are two abrupt changes
of temperature. We are not aware that any experiments have been

made on a circuit arranged in this way, and in fact it would be most

difficult to realize the arrangement practically. In the second case,

however, experiment shows that there is a current, and if there is

anything in the nature of the metal which prevents the plane of ab-

rupt variation of temperature from acting as the reservoir and refriger-

ator at the same time, then the equations explain the current. We
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shall see that in special cases there is another heat effect at this plane ;

it is probable, therefore, that this effect exists in every case.

An abrupt variation of temperature can be produced practically in

various ways. Le Roux and others have produced the currents by

cutting a strip of metal in such a shape that its section varied abruptly

from the broad to the narrow part. When a flame is aj^plied to the

narrow part, it becomes heated so much more rapidly than the broad

portion that the temperature changes abruptly.

Maxwell says, in regard to these cases, that a current is produced
in a homogeneous conductor when " at any part of the conductor a

sensible variation of temperature occurs between points whose distance

is within the limits of molecular action."

Le Roux attempts to explain the phenomena by a difference of

pressure caused by the heat, the current being due to heating the

contact of compressed and free parts of the same metal.

Becquerel produced an abrupt variation of temperature by suddenly

uniting the hot and cold ends of a wire. The current in this case is,

as Becquerel pointed out, at least partly due to a coating of oxide.

In the case of lead the current is probably due to a coating of oxide,

as the Thomson effect for lead is zero.

In the experiments made by us, with the object of observing whether

there was any law connecting the direction of the current with that of

the Thomson effect, the method of varying the section abruptly was

employed. This method gets rid of all complications due to impuri-

ties at the surface of contact ; but in cutting the metal to the neces-

sary shape, the parts were necessarily more or less strained, and the

results sought were always masked by a permanent current between

the strained and unstrained parts. The direction of this current de-

pended upon the position of the point where the heat was applied.

The direction could be reversed by moving the lamp a few centimeters

to either side, beneath the narrow part. The best method to avoid

these complications is to pass a fine wire through the non-conducting

partition separating the two compartments of a vessel, each compart-

ment being filled with some good thermal conductor, and kept at

different temperatures. This method has not yet been tried.

We have seen that the equations do not determine the direction of

the thermo-electric current, and consequently that it is probable that a

current exists in both directions. The Thomson effect, then, cannot

alone explain the current that experiment shows to exist ; there must

be some other effect at the plane of abrupt variation. That this effect

does take place in certain special cases there can be no doubt.
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Tables of the values of the Thomson effect show that nickel changes
twice between 17o° and 340°. There are two points of deflection in

the thermo-electric line. At these points,
—

,(f,)
= o.

Let Tq be the temperature at which the Thomson effect equals

zero, and let The a. temperature above this. Let the circuit be so

heated that the temperature rises gradually from T^
—

T, and then

falls abruptly to T^. Any heat effect at the plane must necessarily

take place at the higher temperature, if we suppose the Thomson

effect alone to exist. Hence frorn thermodynamic considerations the

absorption must take place here. In this case the direction of the

current is completely determined.

Suppose, now, we pass a current from some outside source, through
the circuit, in such a direction as to absorb heat where the tempera-
ture falls gradually. There can be no evolution of heat at the plane,

as it can take place neither at T^ nor at T. If the whole energy of

the current is expended in heat we must have

EI=RP- iL'dT.

: E=RI—icTdT.

That is, the electromotive force of the outside current is diminished

by an electromotive force peculiar to the arrangement, and due to the

absorption of heat in the circuit. But if the Thomson effect is the

only effect in this circuit, the current produced by it does not obey the

fundamental principles of thermodynamics. We have an engine,

working between finite temperatures, in which there is no loss of heat.

Suppose, moreover, T < T^, and pass a current in such a direction

as to evolve heat where the temperature varies continuously. There

can be no absorption at
TJ,,

and

E=RIA- la-dT.= RI-\- Co

In this case the outside electromotive force is increased by a secon-

dary electromotive force. But unless some effect besides the Thomson

effect exists, the secondary current is produced alone by an evolution

of heat. The conclusion is absurd, and there must exist some other

effect at the plane of abrupt variation. If this effect exists for the
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special cases considered, it seems probable that it exists for all cases

where there is a sensible variation of temperature between points
whose distance is witliin the limits of molecular action. It obviously
differs from both the Thomson and Peltier effects.

Several properties of this effect can easily be deduced. In the first

place, since in general the current is caused entirely by it,
— the

Thomson effect producing equal and opposite electromotive forces,—
if the effect obeys the ordinary thermodynamic laws, it must exist

so as to cause an absorption and an evolution of heat at the plane of

abrupt variation. Tiiis is not the only case of a thermodynamic
arrangement where the evolution and absorption take place at one

plane. In a thermo-electric circuit which has two neutral points, and
in one metal of which the Thomson effect is null, if the two junctions
are maintained respectively at the temperatures of the neutral points,
all the heat effects take place in one metal, and if the circuit is so

arranged that the change of temperature takes place across a plane,
then all the effects occur at this plane.

If we call the new effect ^{T), the general equations for a circuit

where there exists one abrupt variation of temperature become :
—

-[/{W-r.(^,-7;)] +f^dT+ ar,(T,
-

T,) + ^ {T,)

T^)

To Ti

The first parts of these equations are identically zero :
—

-•i -'o

The latter equation shows that <J>
( 7^) is proportional to T. The

electromotive force is then proportional to the difference of tempera-
ture between the two surfaces of the plane.

The chief practical uses of thermo-electricity are in the measure-

ment of high and low temperatures, and in the conversion of the

energy of heat into that of an electric current. The measurement of
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temperatures is much complicated by the existence of the two thermal

effects, and by the fact that the direction of these effects is not con-

stant for all ranges of temperature. The existence of the Thomson

effect venders the curve of the electromotive forces and temperatures

a parabola. The electromotive force cannot be considered propor-

tional to the difference of temperatures of the junctions. Tait's in-

genious method of acting on a differential galvanometer with two

elements, gives an arrangement where the deflection is proportional

to the difference of temperatures ; but the method is exceedingly diffi-

cult in practice. We have also seen that, when an abrupt variation

of temperature is produced, the electromotive force is probably pro-

portional to the difference of temperatures ; but there is no obvious

method of realizing this arrangement practically for the measurement

of temperature. The chief difficulty, however, in using the thermo-

electric element as a thermometer, is due to the reversal of the heat

effects. Every element must first be tested through the ranges in

which it is to be used ; and this testing necessitates the use of some

other method of measuring temperatures, which is very difficult and

inaccurate.

In regard to the use of the thermo-electric element as a heat engine,

there is always a loss of heat, from two causes, which is absolutely

unavoidable unless some substance can be procured which has a ther-

mal conductivity of zero, and a finite electrical conductivity. Tiiis loss

must always be taken into consideration in comparing the efficiency

of the thermo-electric engine with that of other heat engines.

In a bar of section S, and length I, the quantity of heat lost in unit

time by conduction is

That generated in unit time by a current of electricity is

H,= PkL^E^S^,

K and .- are the thermal and specific electrical conductivities. Loss

of heat by radiation from the surface of the bar is supposed to be

avoided. If this bar is supposed to form part of a thermo-electric ele-

ment, any increase of S throughout the bar, that is, so as to increase

the surfaces of contact, will increase H -\- H^. If, however, the cur-

rent strength is fixed, that is, if the current is passed through the bar

from an outside circuit of large resistance compared with that of the
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bar, we may consider / indepeudent of S, and the sum of the heat

lost is a miuimum when

dH
,

(IH^ _
dS~^ dS —^'

8=11
K{t -0/

\.

Substituting this value of >S^ in iTand H^,

H= I\JcK (t^
—

<i)]*, and ff,
= I[kK (t,

—
<J]i

That is, the heat dissipated is a minimum when that generated by
the current per unit time is equal to that lost by conduction per unit

time.

Within certain limits the thermo-electric engine follows the ordi-

nary law of other heat engines : the work done increases as the differ-

ence between the temperatures of the hot and cold junctions increases.

Unfortunately, however, the existence of neutral points renders it im-

possible to obtain an unlimited electro-motive force from a thermo-

electric element. This appears to be one of the most serious objections

to the pi-actical use of thermo-electricity. We are at present engaged

upon some experiments on the effect of high pressure and high tem-

perature upon the position of the neutral point.
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XV.

CONTRIBUTIONS FROM THE PHYSICAL LABORATORY OF
HARVARD UNIVERSITY.

THE ELECTROMOTIVE FORCE OF ALLOYS.

By John Trowbridge and E. K. Stevens.

Presented May 29th, 1883.

The best study of alloys and the most thorough work on them has

been done by Matthiessen, who proved conclusively that alloys

were neither mechanical mixtures nor chemical compounds, but what

he terms, in a general way,
" a solidified solution of one metal in

another." He also showed that, with reference to the formation of

alloys, metals were divided into two classes ;
— the first class being

those which, when alloyed with each other, give a conductivity in pro-

portion to the respective volumes of the two metals ; and the second,

those which, when alloyed with each other, give a conductivity which

is less than that of the respective volumes of the two metals.

The aim of this investigation has been to note the variation of

electromotive force in different alloys of the same metals, and to de-

duce, if possible, some general law which governs the variation.

Two sets of alloys were used,— one set of lead and tin, and the

other of copper and zinc. The first set was made by taking the pro-

portional weights of lead and tin and melting them together in a cru-

cible, and then pouring them out on a flat surface and allowing them

to cool. The second set was made by melting a weighed amount of

copper in a Fletcher gas-furnace, and, when in a molten state, adding
more than the required amount of zinc, in order to make allowance

for volatilization. Pure metals were obtained, in order that the results

might be as accurate as possible.

It was deemed sufficient, as far as the lead and tin alloys were con-

cerned, to weigh out carefully the required amounts of each metal, and

to take those weights as showing the composition. This could not be

done with the copper and zinc alloys, as it is impossible to determine
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how much of the zinc volatilizes ; so with these it is necessary to re-

sort to analytical methods of determining the per cent of each. The

copper was determined by electrolysis, by precipitating the copper,

from a sulphuric acid solution of the alloy, upon a platinum disk con-

nected with the negative pole of a battery, and the positive pole dip-

ping in the solution. The zinc was determined by subtracting the per

cent of copper from a hundred per cent.

The composition of the alloys are given in the tables below, and

will be referred to by number hereafter.

Number.
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I. The electromotive force of the alloys of tin and lead, and of

the metals themselves, when the resistance is 7,180 ohms, and the

constant of the galvanometer .000003435.

The first column gives the deflection in millimeters; the second,

the tangent of one half the angle of deflection ; the third, the product

of the constant by the total resistance ;
and the fourth, the electro-

motive force in volts. The liquid in this case is water.

Number,
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tenth of a cubic centimeter of strong sulphuric acid to about one hun-

dred and fifty cubic centimeters of distilled water, gave the liquid used

in the last two observations.

III. The electromotive force of the alloys of lead and tin, with

total resistance of 22,G08 ohms, the constant being the same, and the

liquid as stated above.

Number.
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The general differences in the behavior of the two sets of alloys

may perhaps be accounted for by the distinction which Matthiesseu*

made between the two kinds of alloys. He classes an alloy of lead

and tin amonw those which are " solidified solutions of one metal in

another," while he calls alloys, like copper and zinc,
" solidified solu-

tions of one metal in an allotropic modification of another."

* British Association Report, 1863, p. 47.

VOL. xviii. (n. 8. X.) 15
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XVI.

THE POTENTIAL OF A SHELL BOUNDED BY CON-
FOCAL ELLIPSOIDAL SURFACES.

By Frank Nelson Cole.

Presented May 29th, 1883.

Let there be three confocal ellipsoids, of which the outer two have

their bounding surfaces fixed, while that of the inner ellipsoid ap-

proaches that of the middle one, the three surfaces always remaining

confocal. Let X^^ and Xgg be the respective attractions, resolved

parallel to the axis of x, of the inner and middle ellipsoids at any

point in the surface of the outer ellipsoid ;
and let X^^ and X^^ be

the attractions of the outer ellipsoid at the corresponding points of

the inner and middle ellipsoids. To calculate the limiting value of

X^—Xj3 as the inner ellipsoid approaches the middle one :—
By Ivory's theorem,

^23 ^ „ ^2
h'^3

Also,

where

^"='
J(«=

^32= 2apa3V3^a3^2»

dt

^ + vWToWToW+o '

and a, h, c, and x are the semi-axes of an ellipsoid and the x co-ordi-

nate of a point, the subscripts denoting the ellipsoid to which the axes

belong and on the surface of which the point lies.

Hence
b c

3 3

for x^ and x^ being co-ordinates of corresponding points, we have
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Now

X= X^ - X,3= 2 QpQ,x,8 {a,\c,)

and, since

a^ — b"^ = const., a^ — c^ =: const., a^a = 6S5 = cSc,

so that

or, dropping subscripts,

T=kQ,y,

where

and

Q = r ^-i ,

o

= r
^^

O

Legendre has shown that

and the same result may also be obtained as follows. By the theory
of potential,

rfX ^ nTZ

dx '^
dy

' dz '

for all points external to the attracting mass. Hence

Now

dx \ d(a2)
"f"

d(b-')
'

(rfc2) I dx
~

did"-)
'^^a I ^'

and

2xdx _ xMja'^) yV(52) zVfc^) _ d(a^)

«-^ ^0^ dx
'



228 PROCEEDINGS OP THE AMERICAN ACADEMY

d(a^) _ 2 xp^'

clx a'^

'

+ -i^ 5^ «?.. + «'+ '^«> +^^ 5P) («- + «'. + '?')
= «'

for all values of x, y, and z.

=z — 2b,2
d

d(br^iQa+Q. + Qc)

Integrating,

^« + c. + ^.=^-
To determine this constant we must use the surface condition

dV,
,
dV^ .„

-y^-f-
-— = 4 90-.

dv^
' a

1^2

The X force which the shell exerts on a point in its interior is

+2 Qpx8{a,b^c^Q^)
= + 2

QpxaJ>,c,BQ^^ + 2 QpxQ^?i{aJ),c,),

so that the sum of the X components on the two sides of the shell is

7 ( dQa , dQb , dQc ) <j. o\

2 8pxa,ViS^a= 2 Op^«^^
I ^(^ + ^(P)

+ J(^ I
^^"'>'

Resolving the sums of the components along the normal, we have

2 8/=* {s^, (e. + e. + ej ^ + ^,3
( <3„ + <?» + Qc)%

where is the thickness of the shell and p is the density of the original

ellipsoids.

Now
g __

«S<^
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for, along the normal, we have

Also

ybx x8y zSx x8z

x8x j^ ySy ^^
zBz _ x^Ba

^^ y-bb _,
z^5c

(x^ . y^ . z^\ const.

.'. const. = 2.

Let F denote the potential due to the shell on its exterior. Then

d V=k { Qxdx 4- Q^ydy -f- Qzdz} .

Hence for all points on the ellipsoid whose axes are 2a, 25, 2c,

F- n = I {Q,x^ + Q^' + ^,.^
- ^„< - Q^,'

-
^,v},

where V and F^ are the potentials at xyz and x^y^z^, both points being

on the ellipsoidal surface of which the axes are 2 a, 2 b, 2 c,

Now let

a be
so that

, ada 7 Jt?6 , cdc

x^dx^ — —
g-

, yo^^o — "3^ > ^o^^o
—

~^
'

Then
a

V, =
IJiQ^ada

+ Q.bdb + ^,0^4 = I
Q,

where

dt

Q
J V(a^
o
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Also

a a a

= 2 n Q^cdu -!- Q,hdb + Q^cdc]
= 2

J--^
=

4j|f
,

'i 00 00

and concequently ^ is a homogeneous function of a, h, c of degree
— 1.

••• a'^Qa + ^'Qb + '^'Qc^-hQ-

=
1 1

{X-
-

a^) Q^ + {f - I') Q, + {^ - c"-)

^,}
.

Within the shell

F=
I {x'^Qa^+fQ,,+ ^^^0,)

- 2 9P
(^.
+

If.
+

^.)
«iS«i+ «^°«t-

At the surface the const.

= 2 Qpa^^a, + ^
<? ;

•••^=i2^«. ^^^-1"^
+ l2^^ V F
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The equipotential surfaces within the shell are quadrics, and it is

easily seen that they are hyperboloids. For if a, b, c denote their

semi-axes, we have

„-,
+ 1+1= 1 {<>».+ e.. + <>. }

- 2 Qp-M {i +
i+ i}

So that any internal equipotential surface is an hyperboloid of one

sheet of which the square of the imaginary axis is numerically the

least, or an hyperboloid of two sheets of which the square of the real

axis is numerically the least. The equations of the external equi-

potential surfaces involve elliptic functions.
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XVII.

RESEARCHES ON THE COMPLEX INORGANIC ACIDS.

By Wolcott Gibbs, M. D.,

Rumford Professor in Harvard University.

(Continued from Vol. XVII. p. 90.)

Presented May 9th, 1883.

The compounds which I have hitherto described may be embraced

under the general formula

7» R 0,3 . 2 W.p, . p ^'\0.

in which m may represent any even number from 10 to 48 inclusive,

p the number of molecules of base (old style), R an atom of tungsten

or molybdenum, and R' one of phosphorus or arsenic. I shall now

proceed to show that these results may be generalized in a variety of

different ways, and, further, that there are other typical formulas, per-

haps less general than that above given, but still embracing many

interesting and instructive special cases.

HYPOPHOSPHO-MOLYBDATES.

Hypophospho-molyhdate of Ammonium.— When solutions of 14:6

acid ammonic molybdate and sodic hypophosphite are mixed, no

precipitate is formed, but the liquid takes a fine blue color from the

partial reduction of molybdic teroxide to Mo.^O^. On addition of

chlorhydric acid and stirring for a short time, a large quantity of a

crystalline salt separates. This is to be filtered off, well drained by

the filter-pump, and washed with cold water, in which it is not very

soluble. When perfectly pure and free from Mo^Og the salt presents

colorless prismatic crystals, which are readily soluble in hot water.

The solution, at first pale blue, speedily assumes a deeper tint; with

cold water a colorless strongly acid solution may be obtained, and
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with such the reactions here given were obtained. Baric chloride

gives no precipitate alone, but after adding ammonia a colorless salt is

thrown down, which is at first flocky, but which soon becomes fine-

grained granular-crystalline. Strontic and calcic chlorides behave in

a similar manner, but the calcic precipitate does not form so rapidly.

Manganous sulphate gives no precipitate alone, but after adding am-

monia a white flocky salt is formed, which becomes yellowish on stand-

ing. Cupric sulphate behaves in the same manner ; the precipitate

after the addition of ammonia is green and flocky. The mixture with

solution of copper is not reduced on boiling, either alone or after addi-

tion of chlorhydric acid. The solution of the hypophospho-molybdate

gives a canary-yellow precipitate with mercurous nitrate, and a nearly

white precipitate with argentic nitrate, which soon becomes gray and

finally black. Thallous nitrate gives a white flocky precipitate. "When

the dry salt is heated, it becomes at first black and fumes slightly,

but on further heating it melts to a dark blue mass which gives

off a little molybdic teroxide on heating to redness. The fused mas3

dissolves readily in hot water, forming a deep blue solution which

has an acid reaction, and gives with magnesia-mixture the character-

istic ammonio-magnesic phosphate. The effect of heat is represented

by the equation

8 M0O3 . 2 {H, . PO . OH} 2 . (NH,)^ + 2 H,0=
8 M0O3+ P2O5+ 3 H2+ 2 (NHJ 2 + H,0.

In the analyses the loss by ignition corresponds to 2 (NHJ^^ -f~

H.,0+ 3 H.,, and the residual mass to 8 M0O3+ P2O5, when the

ignition is made with sodic tungstate. In this salt,
—

1.3172 gr. lost on ignition with W0,Na2 0.1329 gr.
= 10.09 %

II.p, (NH,),0, and H.

1.0764 gr. lost on ignition with WO^Naa 0.1086 gr.
= 10.09 %

HA (NHJO, and H.

1.2369 gr. gave 0.1836 gr. NH.Cl = 7.21 % (NHJ^O.
1.2850 gr.

" 0.0918 gr. (NHJ,0 by titrition = 7.15%
2.4322 gr.

" 0.3860 gr. Pp.Mg^ = 9.42% PO^Hg.

1.6217 gr.
" 0.2578 gr.

" = 9.30% PO^Hj.

The analyses lead to the formula

8 M0O3 . 2 {H2 . PO . OH^ 2 (NH,), O -f- 2 aq,

which requires :
—
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scribed, or rather of the corresponding acid, may be written, in

accordance with the general principles already assumed, as follows :
—

M0O2 = M0O2
I I

O O
I I

M0O2 = M0O2
I I

o o
I I

HO - M0O2 — M0O2 - OH
I I

HO - M0O2 — M0O2 - OH
I I

O O
I I

HO - PO OP - OH
li II

Hg Hg

In this formula the acid is supposed to correspond to the ammonium

salt described.

HYPOPHOSPHO-TUNGSTATES.

The salts of this series are not very well defined as regards their

physical properties, and it is difficult to obtain any single one in a state

of perfect purity. They are most readily prepared by boiling acid

tungstates with a solution of hypophosphorous acid, and appear to be

in general very soluble in water, yielding sometimes thick syrupy

liquids, and sometimes gelatinous masses more or less colored by the

partial reduction of tungstic teroxide.

Potassic Salt.— When a strong solution of hypophosphorous acid is

mixed with one of 12 : 5 acid sodic tungstate, the liquid becomes turbid

and yellowish, and after a short time gelatinizes to a pale yellow mass.

This is to be dissolved in boiling water, and a solution of potassic

bromide added, which after a short time gives a white crystalline pre-

cipitate, to be drained upon the filter-pump, redissolved in hot water,

again crystallized, drained, washed with cold water, and dried on wool-

len paper. As thus prepared, the salt presented small colorless granular

crystals, soluble in hot water to a somewhat turbid strongly acid liquid,

which effervesced with alkaline carbonates. The solution gave no

precipitate with cupric sulphate, and no copper was reduced on boiling
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either with or without chlorhydiic acid. Argentic nitrate gave a

turbid white solution ; on boiling, silver was reduced. Mercurous

nitrate gave a white flocky precipitate, which on boiling became yel-

low, and finally dirty greenish yellow, without reduction of mercury.

Baric chloride gave a white precipitate of indistinct feathery crystals.

When heated in a porcelain crucible the salt became blue, and finally

white, giving off a sharp acid smell. The residue dissolved in water,

in part at least, forming a strongly acid solution. Of this salt

( 1.2295 gr. lost on ignition 0.0340 gr.^ 2.76 % water and hydrogen.

1 1.2295 gr. gave 1.1172 gr. WO3+ PA = 90.84%
0.7272 gr. lost on ignition with W04Na2 0.0203 gr.= 2.79%
1.5110 gr. gave 0.1921 gr. P^Mg^ = 7.57% POgHg

The analyses lead to the formula

18 WO3 . 6 {H, . PO . OH} 4 K^O+ 7 aq,

which requires :
—

90.28
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The structural formula of such an acid will be similar to that

already giveu ia the case of the hypophospho-molybdate described.

Further investigation may, however, show that the more complex

formula must be admitted. I coutent myself with proving that

there is at least one class of hypophospho-tungstates. In computing
the direct results of the analyses I have assumed that, as in the

case of the corresponding molybdenum compounds, the complex

2 {Hj . PO . OH} is oxidized to Ffi^ wholly at the expense of two

molecules of WO3 reduced to W.,05, which last is then again oxidized

to 2 WO3 by heating in air. This assumption appears to be justified

by the changes of color observed on heating the salt. The actual loss

of weight observed then corresponds to water and hydrogen only, the

percentage of hydrogen being calculated from that of P^O^Hg.

When tungstic hydrate in excess is boiled with a solution of sodjc

hypophosphite, it dissolves very readily, giving a pale blue solution

which yields on evaporation a thick syrupy liquid. This solution

gives precipitates with BaCl.,, NH^Cl, and KBr, and will furnish a con-

venient starting-point for further investigation. It does not oxidize

readily in the air, even after long standing. A solution of dimethyl-

arsinic acid gives with one of 12:5 acid sodic tungstate a beautiful

colorless crystalline precipitate. I have not studied this compound,

from want of proper facilities for work of the kind. It will, I think,

prove to be a dimethyl-arsino-tungstate, coming under the general

formula

m WO3 . 2 {(CHg), . AsO . OH} n Na,0,

and we may reasonably expect an extensive series of analogous com-

pounds, in which other radicals take the place of methyl.

PHOSPHOROSO-MOLYBDATES.

Since phosphorous acid is now to be regarded as hydryl-phosphinic

acid with the formula

{H.PO.(OH)J,

the existence of a class of phosphoroso-molybdates and of phosphoroso-

tungstates appeared, to say the least, a probable inference from that

of the hypophospho-compounds already described.

Phosphoroso-mohjhdate of Ammonium.— When a solution of phos-

phorous acid— as prepared by the reaction of phosphorous chloride with

water— is added to one of 14: 6 acid ammonic molybdate, a very pale

yellow indistinctly crystalline precipitate is formed, which is insoluble
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in cold water. Hot water dissolves it only in a small proportion, but

gives a milky emulsion, which settles very slowly. For analysis the

salt was drained on a filter-pump, well washed with cold water, and

finally dried on woollen paper. Of this salt,
—

1.9695 gr. gave 0.0980 gr. (NHJ^O = 4.97% by titrition.

1.1425 gr.
" 0.0559 gr.

" =4.89%
"

0.9301 gr. lost on ignition with WO^Naa 0.1225 gr.
= 13.17%

1.2722 gr. gave 0.1374 gr. P^O.Mg, = 7.97% PO3H3

The analyses correspond fairly well with the formula

24 M0O3 . 4 {H . PO . (OU)^} 4 (NHJP+ 17 aq,

which requires :
—
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posed by heating in a porcelain crucible, and fuses at a low red heat,

giving off vapors of molybdic teroxide. The fused mass on cooling

is bluish gray. It dissolves readily in water to a deep blue liquid,

which has a strongly acid reaction, and gives with magnesia-mixture
the reaction for phosphoric acid.

The structural formula of the acid corresponding to the ammonium
salt may be written provisionally :

—

MoOj =
I

I

MoO. =
'2

I

o
I

MoO-^
I

O
I

M0O2
I

o
I

HO— MoO,

HO — MoO, —

M0O2
I

O
I

M0O3
I

O
I

M002
I

o
I

M002
I

o
I

MoO,— OH

MoO„— OH

HO ^
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this point hereafter, and give additional proofs of the twofold mode of

combination of hydroxyl.

Further investigation will almost certainly show that the homologues
of hydryl-phosphinic or phosphorous acid will also form complex acids

with tungstic and molybdic teroxides. Thus methyl-phosphinic acid

{CH„ . PO . (OH)J should form at least one series of each of the

general types :
—
m M0O3 . {CH3 . PO . (0H)2} n Hp.
n WO3 . {CH3 . PO . (0H)2} p HoO.

In these cases arsenic, and perhaps antimony, may replace phosphorus.

Phosphoroso-tungstates may be formed by the action of phosphorous

acid upon acid tungstates. The only salt obtained at present appears

to have the formula

12 WO3 . 2 {H . PO . (OH),} 2 Kp + 12 aq.

I propose to return to this special point when describing the related

groups of arsenoso-tungstates and antimonoso-tungstates and the cor-

responding molybdates. In the analysis of the phosphoroso-molybdate

of ammonium the phosphorous acid was determined by dissolving the

salt in an excess of a solution of sodic carbonate, oxidizing with bro-

mine, and precipitating with magnesia-mixture.

VANADIO-MOLYBDATES.

The general analogy between vanadic, arsenic, and phosphoric pen-

toxides suggested to me the possibility of forming series of vanadio-

molybdates and vanadio-tungstates, belonging to types of a character

similar to those of the phospho-molybdates and phospho-tungstates

already described. I shall now show that such compounds may
readily be formed by processes identical in principle with those which

yield compounds of phosphoric and arsenic oxides with molybdic

teroxide.

Vanadio-molybdates are formed when vanadic pentoxide VgOj is di-

gested with solutions of alkaline molybdates, more especially with the

acid salts of potassium, sodium, or ammonium. The solution quickly

becomes yellow, then, on heating, orange, and finally passes in many
cases to deep orange-red. The vanadic oxide or acid employed must

be perfectly free from vanadic dioxide, as this is also readily dissolved.

The resulting compound then belongs to the class of triple complex

acids, and contains both oxides of vanadium united to molybdic oxide.

I shall return to these compounds in due time, and meanwhile shall
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refer to them under the name of vanaclico-vanadio-molybdates. The

presence even of a small quantity of vanadic dioxide may usually be

detected by a peculiar greenish shade of color, easily recognized when
once seen. This tint disappears when the solution is heated for a

short time with bromine water or nitric acid, which readily oxidize

the lower oxides of vanadium.

Vanadio-molybdates are also formed when solutions of alkaline va-

nadates and raolybdates are heated together, and more readily when an

excess of acid is present. The mixed solution then assumes at once

a deep orange-red color.

The same salts are also formed when molybdic oxide, M0O3, is

boiled with a solution of an alkaline vanadate or meta-vanadate.

Ammonic meta-vanadate, VOgNH^, may now be had in commerce in a

state of very considerable purity, and has served as the starting point
for much of my work. A solution of this salt readily dissolves molybdic

oxide, forming one or more vanadio-molybdates, only in this case there

is a tendency to a kind of supersaturation, a large excess of molybdic
oxide being dissolved and separating from the liquid on cooling.

Finally, vanadio-molybdates may be formed by the decomposition
of phospho-vanadio-molybdateSj a class of triple compounds also to be

described.

The vanadio-molybdates of the alkaline metals are in general read-

ily soluble in water. They are highly crystalline, have a yellow or

greenish yellow, sometimes orange-yellow or orange-red color, and

give in many cases crystalline precipitates with salts of the alkaline

earths, of silver, and of thallium. They are not decomposed by boiling

with excess of acid, and are usually very stable, except in the pres-

ence of reducing agents.

Analytical Methods.— The quantitative separation of molybdenum
from vanadium presented a new problem in analytical chemistry, the

solution of which cost much time and labor. It may be effected in

two different ways. When the vanadium is wholly or jiartially in the

form of vanadic dioxide, VO, ,
it is to be oxidized by heating the con-

centrated solution with nitric acid. An alkaline carbonate is then to

be added until the solution is nearly neutral, when the vanadic and

molybdic oxides may be precipitated together by means of mercurous

nitrate and mercuric oxide, precisely as in the estimation of tungstic

oxide already described. The precipitate of mercurous vanadate and

molybdate and mercuric oxide is to be filtered upon a paper filter.

After drying, the filter and contents may be heated together in a plati-

num crucil)le, with free access of air. When the process is carefully
VOL. XVIII. (x. s. X.) 16
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conducted, the filter may be completely incinerated with great ease, and

without loss of molybdic oxide from volatilization. A weighed quan-

tity of fused and pulverized neutral sodic tungstate is then to be added,

when the crucible may be heated to redness, and the mercurous and

mercuric oxides completely expelled. A second heating and weigh-

mg are always advisable. In this manner the sum of the weights of

molybdic and vanadic oxides is obtained. To determine the quantity

of vanadic oxide alone, the same process is to be repeated ; only after

burning off the filter the mass is to be carefully heated with a free sup-

ply of air to act mechanically until the whole of the molybdic oxide is

volatilized and vanadic oxide remains as an orange-brown liquid, and,

after cooling, as a crystalline mass. The complete expulsion of the

molybdic oxide requires long heating, at a full red heat. The vanadic

oxide is not volatile, but it has the inconvenient habit of creeping up

the sides and over the edge of the crucible,— a habit for which there

appears to be no remedy. The weight of the molybdic oxide may
then be determined by difference. This method gives good results,

and in some cases may be used with advantage.

Another method is the following, which applies directly to the vana-

dio-molybdates of the alkaline metals, and to those of the alkaline

earths, after the separation of the base. Ammonia is to be added in

excess to the solution, which is then to be boiled for a few minutes,

so as to convert the salt into a mixture of an alkaline vanadate and

molybdate. A saturated solution of ammonic chloride is then added

in very large excess, after which the liquid must be concentrated

by continued boiling until reduced to a relatively small volume. The

solution must then be allowed to stand for twenty-four hours, when a

greater or less deposit of ammonic meta-vanadate will have formed in

colorless crystals.* These crystals are to be brought upon an asbestos

filter, and washed with a cold saturated and pure solution of ammonic

chloride. The vanadic pentoxide may then be found by carefully

igniting the salt with free access of air. It is, however, better to dis-

solve the salt upon the filter with boiling water, reduce the solution by
means of a current of sulphydric acid gas after adding a little sulphuric

acid, filter, and titrate with potassic hypermanganate. The clear blue

solution contains vanadic dioxide only. The end reaction is tolerably

sharp in dilute solutions— say 0.25 gramme— of VO^ in 250 c. c. of

* The best commercial chloride of ammonium always contains iron not pre-

cipitablc by ammonia. If bromine water be added first to the boiling solution,

ammonia in small quantity separates the iron completely.
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water. The reason for adopting the method of titrition is, that the

ignition of amnionic meta-vanadate, even when conducted with great

care, usually yields a mixture of vanadic pentoxide and dioxide, which

it is difficult to oxidize completely. The precipitation of ammonic

meta-vaiiadate by ammonic chloride is, as is well known, not abso-

lutely complete, but the results of the analyses are on the whole fairly

good.

It is sometimes more advisable to employ a combination of the two

methods described. After precipitating the two oxides by means of

mercurous nitrate and mercuric oxide, the greater part of the molyb-

dic oxide may be expelled by heat, after which the mixture of oxides,

which now consists chiefly of vanadic pentoxide, may be dissolved in

ammonia and treated with ammonic chloride in the manner above

described. The quantity of molybdic oxide is most easily estimated

by difference, the sum of the weights of the two oxides being deter-

mined by the method given above. It is not possible to reduce the

vanadic pentoxide in the vanadio-molybdates to vanadic dioxide by
means of sulphydric acid gas, by sulphurous oxide, or by any other

reagent which I have tried, without at the same time reducing a por-

tion of the molybdic teroxide to the blue oxide M02O5. This difficulty

may however be overcome by first adding phosphoric acid to the

solution in quantity about equal to the weight of the salt analyzed.

After the addition of a little sulphuric acid the reduction of the vana-

dic pentoxide may be effected either by boiling with a solution of sul-

phurous oxide, or by passing sulphydric acid gas for some time through

the hot solution of the salt.

In separating vanadic from molybdic oxide by means of ammonic

chloride it is necessary to keep the solution always slightly alkaline by

the occasional addition of a little ammonia, since, as soon as the liquid

becomes acid by the dissociation of the ammonium salts present, a

vanadio-molybdate is again formed in greater or less quantity. To

resolve a vanadio-molybdate into a mixture of vanadate and molyb-

date, it is necessary to employ an excess of free ammonia, and also to

heat the solution. Actual boiling is most advantageous.

Another method of estimating vanadic oxide in the presence of

molybdic teroxide consists in boiling the compound with strong chlor-

hydric acid, passing the chlorine set free into a solution of potassic

iodide, and then determining the free iodine volumetrically by sodic

hyposulphite and starch. I have not actually employed this method,

however, though it gives excellent results in the analysis of the vana-

dio-tungstates.
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It will be convenient to speak in this place of the best method of

determining vanadium in alkaline vanadates without special reference

to its separation from other elements. I find that this estimation may
be effected with great accuracy by first oxidizing any lower oxide

which may be present by means of nitric acid to vanadic pentoxide,

and then i>recipitating the faintly acid solution by mercurous nitrate

and an excess of mercui'ic oxide at a boiling heat. Precipitation by
mercurous nitrate alone was long since suggested by Berzelius, but the

addition of mercuric oxide to render and to keep the solution neutral

makes precisely the difference between a very accurate and an only

tolerably good result. The precipitate may be collected upon a paper

filter, and after washing with hot water ignited with free access of air.

On cooling, a fine orange-brown crystalline mass of vanadic pentoxide

remains. The filtrate from the precipitated oxides contains no appre-

ciable trace of vanadium. The great facility with which a solution

of vanadic pentoxide containing free chlorhydric acid is reduced by fer-

rous salts, suggested the possibility of determining vanadium by titri-

tion with ferrous sulphate, a solution of potas.sic ferricyanide being

employed to determine the point of complete reduction.

A special study of this j^rocess was made in my laboratory by my
assistant, Mr. Charles A. French, to whom the following details are

exclusively due. The solution containing vanadic pentoxide is to be

concentrated, and chlorhydric acid solution containing about one tenth

of its weight of pure acid added in large excess. After nearly saturat-

ing with a solution of ferrous or ammonio-ferrous sulphate of known

titre, the solution is to be heated nearly to boiling, and the titrition

then completed with the ferrous salt, the end reaction being deter-

mined by trial drops upon a porcelain plate with a very dilute solu-

tion of potassic ferricyanide. Of this solution two drops of the

ordinary laboratory reagent in a test-tube full of water give an ap-

propriate strength. The process may be varied by adding the ferrous

solution in excess, then titrating back by means of potassic dichromate

of known titre, and finally adding the ferrous salt until the end reac-

tion with ferricyanide is obtained. The ferrous solution may contain

with advantage 0.005 gr. of iron in one cubic centimeter. A sample

of potassic divanadate containing no other impurity than a little potas-

sic nitrate gave, by the gravimetric process above described, 65.12^

V2O5. In three successive titritions with ammonio-ferrous suljihate

Mr. French found G5.16, 65.27, and 64.95%.
As ammonic meta-vanadate is now largely used in the manufacture

of aniline black, and has become an article of commerce, the method
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of titvition described above may perhaps find useful application in

technical laboratories, as the end reaction in titrating with hyperman-

gauate is not very sharp. I have in my work employed it in several

cases as a check upon other methods.

In the analyses of vanadio-molybdates it is best to determine the

alkalies by difference, as in the cases of the phospho-molybdates and

phospho-tuugstates. As in these cases also ammonia and water are

best determined together by ignition with a weighed portion of neutral

sodic tungstate, WO^Na^, a method suggested by Dr. F. A. Gooch
for the whole class of phospho-tuugstates and phospho-molybdates of

ammonium ; only in the case of the vanadio-molybdates and other salts

containing both molybdenum and vanadium, it is necessary to be espe-

cially careful in igniting with the tungstate, because molybdic teroxide

is sometimes given off before the complete fusion of the tungstate with

the salt.

6:1 Series. — A solution of ammouic meta-vanadate, YOgNH^,
readily dissolves molybdic teroxide on boiling, forming a deep orange-

yellow solution. The liquid on standing deposits a veiy beautiful

lemon-yellow salt, in sharp octahedral crystals, which are soluble in

a rather large excess of cold water without sensible decomposition.
The solution, on spontaneous evaporation, yields the salt without

change. Of this salt,
—

1.1349 gr. lost on ignition with WO.Na, 0.1806 gr. = 15.91%
1.3220 gr.

" " « "
'

0.2128 gr.
== 16.09%

1.5022 gr.
« " « "

0.2412gr. = 16.05%
1.2477 gr. gave 0.2201 gr. NH.Cl = 8.57% (NHJ^O
1.3822 gr.

" 0.2439 gr.
" = 8-57%

"

1.2847 gr.
" 0.1893 gr. V^O. by KMnO^ = 14.73%

The analyses lead to the formula

6 M0O3 . Y^O, . 2 (NH,\0 -f 5 aq,

which requires :
—
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The reactions of a solution of this salt iu cold water are as follows.

No preci^iitate with salts of copper, zinc, manganese, and cadmium.

Argentic nitrate gives a flocky yellow precipitate, with a tinge of buff.

Mercurous nitrate gives a bright yellow i^recipitate. Thallous nitrate

gives a very pale yellow flocky precipitate, which does not become

crystalline on standing. Baric chloride gives no precipitate at first,

but after a short time very beautiful sharp octahedral crystals : after

lono-er standing small pale yellow very distinct prismatic crystals also

appear in the solution. Strontic chloride gives, after some days,

very well defined pale yellow prismatic crystals. The solution of the

vanadio-molybdate gives a rather dull yellow flocky precipitate with

hydro-chloride of brucin, and a bright yellow one with hydro-chloride

of strychnin. No precipitate is formed at first with potassic bromide,

but after some days beautiful very well defined granular crystals are

deposited in quantity.

The solution of the salt has a strongly acid reaction. The mer-

curous salt is decomposed by dilute chlorhydric acid, with formation of

mercurous chloride and a yellow acid solution, doubtless of the acid

of this series. The acid was decomposed by spontaneous evaporation,

and did not yield crystals.

It appears unnecessary to give a structural formula for the salt de-

scribed, since we may regard V^O^ as simply replacing PJJ^, and

with the same function as this last, so that the structural formulas

already given for the phospho-tungstates will apply to the present case

also.

Uight Atom Series.— When acid ammouic molybdate is dissolved,

and vanadic j^entoxide is added in small quantities at a time, the boil-

in o- solution quickly becomes yellow, and then orange. If the vanadic

oxide is not perfectly free from dioxide, VO^, a little bromine water

should be employed to complete the oxidation. If a solution of baric

chloride be mixed with the rather dilute and warm solution, no pre-

cipitate is formed at first, but after a few seconds an abundance of

beautiful yellow well-defined crystals appears. These crystals are

very sharp octahedra, and strongly resemble those of one of the am-

monium salts of the six-molecule series. After a time granular yellow

crystals make their appearance also in large quantity. The habitus of

these crystals is so different from that of the first named that the two

can readily be separated when mixed. A very approximate separa-

tion can also be effected by pouring off the liquid the moment that the

granular crystals begin to appear. The yellow octahedral crystals are

soluble in hot water, containing a little chlorhydric acid, and may be
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recrystallized. When heated, the salt swells up very much, and

turns black, looking like coke. Of this salt,
—

1.0070 gr. lost on ignition with WO^Naj 0.1310 gr. = 13.00%
0.9716 gr.

" " " " 0.1280 gr. = 13.17%
1.2449 gr.

" " " " 0.1637 gr. = 13.16%
0.9682 gr. gave 0.6534 gr. M0O3 + V.O, = 67.48%
1.0162 gr.

" 0.3029 gr. SO.Ba

'

= 19.56%
1.0343 gr.

" 0.3072 gr.
" = 19.50%

1.0190 gr.
" 0.3023 gr.

"
* = 19.48%

1.0937 gr.
" 0.0998 gr. V.O^ = 9.12%

1.4395 gr.
" 0.1356 gr.

"
^ = 9.37%

These analyses lead to the formula

16 M0O3 • 2 Vp, . 5 BaO + 29 aq,
or.

8 M0O3 . VA . 3 BaO + 8 M0O3 . V^O^ . 2 BaO . 11,0 -f 28 aq,

which requires :
—
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nitrate a pale, and with mercurous nitrate a bright yellow flocky

I^recipitate.

The first determination of vanadic pentoxide in this salt was made

by heat alone, the mixture of molybdic and vanadic oxides being

ignited until a constant weight was obtained. In the second analysis

the determination was made by titrition with ferrous sulphate after

adding chlorhydric acid to the solution.

Eighteen Atom Series. — A boiling solution of ammonic meta-

vanadate readily dissolves molybdic teroxide, M0O3, forming a deep

yellow or orange-yellow solution. When the oxide is added as long
as it is readily dissolved, an olive-green liquid is obtained, from which

after twenty-four hours hard tabular crystals of a pale greenish color

are deposited. These crystals are decomposed by boiling water, beau-

tiful yellow needles very slightly soluble in water, being formed, to-

gether with a greenish yellow solution which soon becomes turbid.

The salt could not be purified by recrystallization, and was therefore

washed with a little cold water and dried on woollen paper. Of this

salt,
—

0.8067 gr, ignited with WO.Na, lost 0.1586 gr. = 19.66%
0.8538 gr. gave 0.2140 gr. NII^CI =12.18% (NHJP
1.0243 gr.

" 0.2526 gr.
" =11.99% "

0.7945 gr.
" 0.0407 gr. V^O^ = 5.12%

These analyses correspond to the formula

18 M0O3 . V2O5 . 8 (NH,X,0 + 15 aq.
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VANADIO-TUNGSTATES.

Vanadio-tungstates are very readily formed under conditions pre-

cisely the same as tliose which determine the formation of vanadio-

molybdates, and which it is unnecessary to recapitulate. As a class,

they have a yellow, orange, or orange-red color. They are, so far as

examined, readily soluble in water, are crystalline and extremely stable

in composition, in the sense at least that it is often difficult to separate
the combined vanadio and tungstic oxides, though in many cases com-

plex salts easily break up into compounds of simpler type.

Analytical Methods.— When alkaline vanadates and tungstates ai-e

simply mixed together under conditions which do not result in the for-

mation of vanadio-tungstates, it is possible to effect the separation of

the vanadic and tungstic oxides by means of a solution of amnionic

chloride, which, as is well known, precipitates ammonic meta-vauadate

in colorless crystals nearly insoluble in a saturated solution of ammonic
chloride. This method cannot be applied directly to the separation of

the two oxides when combined, as in the vanadio-tungstates, but the

difficulty can be overcome by either of the following methods. An
excess of ammonia is to be added to the solution, which is then to be

digested, or, if necessary, boiled until the liquid becomes colorless. By
tliis process, which, however, does not always perfectly succeed, the

vanadio-tungstate is resolved into a mixture of ammonic tungstate and

meta-vanadate. In place of ammonia, sodic or potassic hydrate in excess

may be employed, and frequently with advantage. After the resolu-

tion of the vanadio-tungstate, as indicated by the color of the liquid,

ammonic meta-vanadate may be precipitated by boiling with an excess

of ammonic chloride. From the cold solution completely saturated

with ammonic chloride the meta-vanadate my be separated by filtra-

tion, and the vanadic pentoxide estimated in the manner already

pointed out. A variation of this process, which may often be em-

ployed with advantage, consists in fusing the vanadio-tungstate with

an excess of potassic or sodic carbonate in a platinum crucible. The
fused mass must be boiled with a strong solution of ammonic chloride,

a drop or two of ammonia being added from time to time to keep the

solution distinctly alkaline. The ammonic meta-vanadate is to be sep-

arated and treated as above. In applying these methods it is impor-

tant in each case to be sure that the vanadium is exclusively in the

form of pentoxide. It is therefore always advisable to add a little

bromine water to the solution of the vanadio-tuno-state before adding

the excess of ammonia. In fusing with alkaline carbonates a little
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potassic or soclic nitrate may be added to the mixture in the crucible. In

this manner we may avoid the error which would result from the pres-

ence of vanadic dioxide in the small quantity which often exists in con-

sequence of the reducing agency of dust or traces of organic matter.

After a great number of trials, the methods given above are the only

ones by which I have found it possible to effect even an approximate

separation of vanadic and tuugstic oxides in combination.

In place of the actual separation of the oxides, it is much more con-

venient, and I believe also in general much more accurate, to employ

the following process, which permits us to estimate vanadium quanti-

tatively in presence of tungstic, as well as of various other oxides.

This process depends upon the fact that vanadic pentoxide, either free

or in combination, when boiled with strong chlorhydric acid, evolves

chlorine, which may be collected in a solution of potassic iodide. The

iodine set free may then be estimated with great accuracy by means of

sodic hyposulphite after adding a solution of starch.

The fact that vanadic pentoxide evolves chlorine on heating with

chlorhydric acid was, so far as I have been able to find, first remarked

by Mohr, who in his well-known work on volumetric analysis sug-

gested as possible the method of determining vanadium which I have

employed, without, however, testing it in any single case.

It is possible, in some cases at least, to determine vanadic pentoxide

in the presence of tungstic oxide by titrition with hypermanganate.

To the solution of the substance containing both metals, phosphoric and

sulphuric acids are to be added, and the vanadic pentoxide is then to

be reduced to dioxide by means of sulphydric acid gas passed into

the boiling solution until comjjlete reduction is obtained. No appre-

ciable quantity of tungstic oxide is reduced under these circumstances.

The titrition with hypermanganate may then usually, though not

always, be executed, and gives a fairly good result.

Finally, the method of titrition by ferrous salts may often be used

with success. The details have already been given, and do not need

to be repeated.

5 : 1 Vanadlo-tungstate of Ammonium. — When 12:5 ammonic

tunijstate is boiled with a solution of ammonic meta-vanadate an orange

solution is obtained, which, on evaporation deposits orange-yellow crusts

of indistinct crystals. The color of this salt is somewhat dull ; it is

not very soluble in cold, but soluble in boiling water, and may be re-

crystallized without sensible decomposition. The salt becomes green-

ish upon the surface when dried upon woollen paper, from a slight

superficial reduction of the vanadic pentoxide. Of this salt,
—
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1,0558 gr. gave 0.1222 gr. (NHJ.O by titrition = 11.57%
1.1873 gr. lost on ignition 0.2922 gr. = 24.61% HgO and NH3
1.0558 gr. gave by titrition with KMnO^ 11.09% VPg

The analyses lead to the formula

5 WO3 . y.fi, . 4 (NHJ,0 + 13 aq,

or

5 WO3 . V,0, . 4 (NH,),0 . 2 HP + 11 aq,

if we regard the acid provisionally as G-basic, which requires :
—

Calc'd. round.

oWOg 1160 64.99 —
VA 183 10.26 11.09

4 (NH,)20 208 11.65 11.57

13 H2O
'

234 13.10 13.04

1785 100.00

The percentage of vanadic oxide found is too high, but there can

be no reasonable doubt as to the formula. I obtained the salt but

once, and then in small quantity. The solution gives a dull yellow

flocky precipitate with argentic and mercurous nitrates, and after a

time a yellow crystalline precipitate with excess of potassic bromide.

The ammonium salt is interesting as being probably the first term in

a series. It corresponds to the phospho-molybdate

5 M0O3 . PoO^ . 3 (NHJ.O . 3 H,0 4- 4 Aq.

The following may serve as starting points for further investigation.

"When normal baric tungstate, WO^Ba, is boiled for a long time with

a solution of ammonic meta-vanadate, it is very sl'owly dissolved to an

orange-yellow solution, which on cooling gives very beautiful square

tabular deep red crystals mixed with excess of baric tungstate. 12 : 5

baric tungstate dissolves more readily in the meta-vanadate, and gives

a bright orange-yellow solution, which on evaporation yields fine pris-

matic crystals. From the above it appears probable that the tung-

states of the heavy metals, both neutral and acid, will yield vanadio-

tungstates by boiling with alkaline vanadates, and possibly in this

manner various new series of salts may be formed. The costliness of

the material for this work has prevented a more thorough study on

my own part.

10:1 Vanadio-tungstic Acid. — A solution of ammonic meta-vana-

date dissolves tungstic oxide readily on boiling, giving a deep orange-
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yellow solution. After long boiling with an excess of the oxide, the

clear deep orange filtrate gives, with a solution of chloride of trimethyl-

ammonium, on standing some hours, two distinct kinds of crystals,

which are respectively yellow and deep orange-red. There are there-

fore, apparently at least, two different salts formed in the solution of the

tungstic oxide. The solution of the ammonium salt gave with baric

chloride, after some hours, sharp octahedral crystals of a yellow salt but

slightly soluble even in hot water. In a second experiment, baric chlo-

ride gave at once a yellow fine-grained crystalline insoluble jirecipitate ;

but the precipitation was not complete. On boiling the mixture of

oxides obtained by igniting amraonic meta-vanadate in air with 12:5

sodic tungstate, I obtained a greenish-orange solution. This was oxi-

dized by boiling with nitric acid, when it became orange. On standing,

the acid solution deposited a relatively large quantity of a sulphur-

yellow crystalline body, which was but very slightly soluble in cold

water, and required a large quantity of hot water for complete solu-

tion. This substance was drained upon the filter-pump, washed with

cold water, and dried upon woollen paper. Of this preparation,
—

( 0.8331 gr. lost on ignition 0.1188 gr. = 13.42%
( 0.8331 gr. gave 0.7192 gr. WO3 -f V^O^ = 86.03%
0.9786 gr.

" 0.8411 gr.
"

'

=85.95%
1.0846 gr.

« 0.0718 gr. Yfi^
—

6.62%

The analyses corresi^ond with the formula

10 WO3 . VA . 6 H,0 + 16 aq,

which requires :
—

Calc'd. Found.

IOWO3 2320 80.53] 80.30 U. ..

VA 183 6.35;^^-^^ 6.62 r^-^^
22 H.,0 378 13.12 13.08

2899 100.00

I did not succeed in obtaining salts corresponding to the 10: 1 acid

above described by saturating the acid with alkaline bases, as mixtures

of the acid with alkaline vanadates and tungstates were formed until

the point of complete saturation was reached.

18:1 Vanadio-tungstic Acid.— The orange-yellow mother liquor
from which the 12:1 acid separated gave on evaporation beautiful

crystalline needles of a second acid, the formula of which is

18 WO3 .VA . 6 HoO + 30 aq.
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Of this acid,
—

{

1.0343 gr. lost on ignition 0.1342 gr. = 12.97% water.

1.0343 gr. gave 0.0363 gr. V.O^ = 3.51
9^

1.2540 gr. lost on ignition 0.1617 gr. = 12.90%

The formula requires :—
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raolybdates. They are, however, very well defined, and usually highly

crystalline. In color they vary from an orange to a deep garnet, or

ruby red. In general character they closely resemble the salts of the

double compounds already described, and are often very beautiful.

Analytical Methods. — These are for the most part similar to those

which I have already described. The three oxides may be precipitated

together by raercurous nitrate and mercuric oxide, and then ignited

with sodic tuugstate in the manner described for the analysis of

phospho-molybdates and arsenio-molybdates. The phosphoric oxide

cannot be determined with accuracy by direct precipitation with mag-

nesia-mixture. It is necessary first to remove the vanadic oxide.

This may be done by dissolving the salt, adding ammonia in small

but distinct excess, and afterward ammonic nitrate in large quantity.

The" solution is to be boiled for a short time, care being taken that

after boiling free ammonia shall still be present. After standing in

the cold for twenty-four hours the precipitated ammonic meta-vanadate

may be filtered off, washed with a cold concentrated solution of ammo-

nic nitrate, and titrated in the manner which I have described in

speaking of the vanadio-molybdates. In the filtrate from the meta-

vanadate phosphoric oxide may be determined by double precipitation

with magnesia-mixture and final treatment with ammonic sulphide.

Molybdic oxide is best determined by difference, the sura of the

weights of the three oxides being known. Water, ammonia, and basic

oxides may be found by the methods which I have already described

in the cases of the binary compounds.
48 : 2 : 1 Series.— When 10 : 2 acid phospho-molybdate of am-

monium, 10 M0O3.2 P2O5.5 (NH4).,0-f-G ^1"> ^^^^ ammonic meta-

vanadate are dissolved together, there appears to be no reaction ; but

if a small excess of chlorhydric acid is added, and the solution is boiled,

a beautiful deep orange-red crystalline precipitate is formed at once.

This may be drained on a filter and washed with cold water, in which

it is but slightly soluble. Hot water dissolves it rather more freely,

but the salt cannot be purified by recrystallization, as it is more or

less completely decomposed by solution. Ammonia water dissolves

it, forming a colorless liquid, in which baric acetate produces a nearly

colorless precipitate. Of this salt,
—

1.3011 gr. lost on ignition with WO^Nao 0.1399 gr. = 10.75%

^'Hg + H„0
1.0425 gr. lost on ignition with WO^Na^ 0.1124 gr.

= 10.78%

NH3 + H,0
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1.5611 gr. gave 0.1361 gr. NH.Cl = 4.24% (NH,)„0
1.0113 gr.

« 0.0900 gr.
"

=4.32%
"'

1.3997 gr.
" with MuO.K 0.0304 gr. V.Og = 2.17%

1.9173 gr.
" " " 0.0463 gr.

"
=2.41%

1.9173 gr.
" 0.1112 gr. P.,0-M£r, =3.71c^P.,0.o O J J OJ JO J a

In the last two analyses the vanadic pentoxide was first separated

by ammonic nitrate as VOoNIT^ ; the phosphoric oxide was then de-

termined in the filtrate.

The analyses correspond fairly well with the formula

48 M0O3 . 2 pp. . V,0, . 7 (NHJ.O + 30 aq.
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with a pale orange flocky or indistinctly crystalline substance, with an

orange-red supernatant liquid. Potassic bromide in large excess gives

an orange crystalline, and argentic nitrate a cinnamon-colored not

distinctly crystalline precipitate. Mercurous nitrate and plumbic

acetate give orange precipitates. A solution of chloride of trimethyl-

ammouium, ^(CPygHCl, gives an orange precipitate in the concen-

trated solution, soluble in boiling water, and crystallizing in beautiful

small granular crystals, which are orange with an aurora-red tint.

The crystals of the ruby-red salt became duller upon the surfaces

when dried on woollen paper, but did not distinctly effloresce. Of

this salt,
—

1.0686 gr. lost on ignition with WO^Na^ 0.2833 gr.
= 26.51^ NHg

and H^O
1.3051 gr. gave 0.2245 gr. NII^Cl t= 8.36% (NH,),0
1.1020 gr.

" 0.3253 gr. VoO^ =29.51%
1.1113 gr.

" 0.0598 gr. F.jO^Mgo = 3.44% P2O5

The analyses lead to the formula,

14 M0O3 . PA . 8 V2O5 . 8 (NHJP + 50 aq.
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PHOSrHO-VANADIO-TUNGSTATES.

These compounds bear a general resemblance to the phospho-vanadio-

molybdates already described, and may be prepared by similar processes.

They have usually a more or less deep orange or orange-red color, and

very often exhibit a peculiar and highly characteristic aurora-red tint.

They are crystalline and well defined, and many salts of the different

series are very beautiful.

Analytical Methods.— In all these salts it will, as in similar cases,

be found most advantasfeous to determine the three acid-formiun: oxides

by means of mercurous nitrate and mercuric oxide in the manner

already pointed out. The estimation of phosphoric oxide may usually
be made with a fair approximation to precision by direct precipitation

with magnesia-mixture in the ammoniacal solution, redissolving the

ammonio-magnesic j^hosphate, and precipitating a second lime. In

some cases I have found it better first to reduce the vanadic pentoxide

to vanadic dioxide by boiling with strong chlorhydric acid, evaporating
to dryness, and redissolving with the addition of a little tartaric and

chlorhydric acids. A perfectly satisfactory method of estimating phos-

phoric oxide in these compounds remains to be discovered. Vanadic

pentoxide may be estimated with accuracy by the methods already

pointed out for the analysis of the vanadio-tungstates ; that is, by boil-

ing with strong chlorhydric acid, collecting the chlorine evolved in a

solution of potassic iodide, and determining the free iodine by titrition

with sodic hyposulphite. A solution of potassic hypermanganate does

not always oxidize vanadic dioxide in presence of tungstic, phosphoric,

and free sulphuric acid, or only with great diflaculty, so that tlie

method is not generally applicable for the analysis of this class of

compounds. Nitric acid, however, readily oxidizes the dioxide under

the same circumstances.

60 : 3 : 1 Series. — When the white insoluble phospho-tungstates of

ammonium containing twenty-two or twenty-four molecules of tungstic

to one of phosphoric oxide are dissolved in ammonia water, and a solu-

tion of ammonic meta-vanadate is added, no precipitate is formed ; but

if a small excess of chlorhydric acid is present in the boiling liquid, a

fine lemon-yellow crystalline precipitate soon forms, which is to be well

washed with a cold dilute solution of ammonic nitrate, as otherwise

the salt passes readily through the filter, giving a milky liquid. The

final washing may be made with a very dilute solution of the nitrate.

After drying on woollen paper, the salt closely resembles tungstic oxide

in color. It is almost insoluble in cold, and but slightly soluble in hot

VOL. XVIII. (n. s. X.) 17
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water, but with a large excess of ammonic phospliate it dissolves to a

yellow solution ;
with ammonia water it gives a colorless solution. In

a solution of ammonic carbonate it dissolves with strong effervescence,

indicating its distinctly acid character. The salt is not readily reduced

by boiling with sulphuric and sulphurous acids, or by citric acid in the

presence of chlorhydric acid, but easily by boiling with a strong solu-

tion of potassic cyanide, and, as is usual with this class of compounds,

by fusion with the same salt.

Of this compound,—

2.0684 gr. lost on ignition with WO.Naj 0.2068 gr.
= 10.00% NHg

and HoO
1.0971 gr. gave 0.0747 gr. NH.Cl =

3.31% (NH,)20
1.3424 gr.

" 0.0568 gr. PjO^Mg = 2.71% }\0.

2.5488 gr.
" 0.1 102 gr.

"
=2.77%

"

1.0555gr.
"

0.0]23gr. V2O5 =1.10%

The analyses correspond very closely to the formula,

60 WO3 . 3 P^Og . Yfi, . 10 (NIIJP + 60 aq,

which requires :
—

90.00
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days, large deep orange or garnet-red crystals separate in quantity.

They appear to be octahedra, and when first separated from the

mother liquor are very beautiful ;
but on standing in the air they lose

their lustre, perhaps from a superficial eflfervescence, and become dull

red. The salt is readily soluble in water, giving a deep orange-red

solution, and crystallizes from the solution unchanged. The constitu-

tion of this salt is represented by the formula,

16 WO3 . 3 V2O5 . PPg . 5 (NHJ^O -I- 37 aq,

as the following analyses show :
—

1.0379 gr. lost on ignition with W0,Na2 0.1826 gr.
= 17.59% NH,

and ILO
1.2811 gr. gave 0.1264 gr. NH.Cl = 4.80% (NHJ2O
1.0652gr.

" 0.1074 gr. V2O5 =10.08%
1.0130 gr.

" 0.0419 gr. P20.Mg2= 2.64% PgOj.

The formula given requires :
—

Calc'd. Found.

16 WO3 3712 69.67 ^ 69.69 ^

3V2O5 548
10.28^82.62

10.08 >- 82.41

PPj 142 2.67) 2.64)

5 (NH,),0 260 4.88 4.80

37 H2O
'

666 12.50 12.79

5328 100.00 100.00

Adopting the provisional hypothesis which I have proposed above,

that V2O5 as V2O2 . O3 may partially replace M0O3 or WO3 in these

combinations, and that, on the other hand, V2O5 also replaces P^Oj, we

may write the formula given above,

8 WO3 . 2 V2O2.O3.P2O, . 3 (NH,)20 -f

8 WO3 . V2O5 . 2 (NHJ^O . H2O + 36 aq,

in which formula the first term is reduced to the type of

10 WO3 . P2O, . 3 (NHJ2O.

The presence of five molecules of ammonic oxide shows that the salt

belongs to the acid type so often met with in this class of compounds,

and upon the view which I consider probable,* that the formulas of

* Proceedings, Vol. XVII. p. 89.
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all the phospho-tungstates and phospho-molybdates as now received

should be doubled, we should write the above formula

16 WO3 . 2 V2O2.O3.V2O5. PA • 5 (NH,)20 . H2O + 36 aq;

corresponding to

16 WO3 . 2 P,A • 5 (NHJ2O . H2O.

I consider this view of the subject as most probable in the present

state of our knowledije.

60 : 3 : 2 Scries. — When the 20 : 1 : 6 baric phospho-tungstate

already described is boiled with vanadic hydrate, V0(0Ii)3, the acid

dissolves readily, and a beautiful orange-red solution is formed. On

cooling, a salt sejaarates in octahedral crystals, which have a very fine

aurora-red color. The crystals dissolve rather easily in hot water, but

are at the same time decomposed. A brownish orange salt then sepa-

rates in distinct crystals, together with a white powder. The two can

be separated mechanically. The mother liquor of the aurora-red salt

yields on evaporation large dark-red crystals. Of the aurora-red salt,
—

0.41 65 gr. lost on ignition with WO^Na^ 0.0540 gr. = 12.96%
1.1550 gr.

" " " " 0.1500 gr. = 12.98%
0.8819 gr. gave of mixed oxides 0.6474 gr. = 73.41%
1.4699 gr.

" " " 1.0784 gr. = 73.37%
1.5188 gr.

« " « 1.1145 gr. = 73.38%
1.5188 gr.

" of P^O-Mg, 0.0508 gr. = 2.14% P2O5
1.0522 gr.

" of mixed oxides 0.7709 gr. = 73.26%
1.0522 gr.

"
ofP.A-Mg2 0.0380 gr. = 2.31% P2O5

1.3324 gr.
" of V^ by titrition 0.0258 gr. = 1.93%

0.2693 gr.
" " " 0.0051 gr. = 1.87%

The analyses correspond to the formula

60 WO3 . 3 P._,0, . 2 V2O5 . 18 BaO + 144 aq,

which requires :
—

Calc'd. Mean.

69.14
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with a weighed quantity of normal sodic tungstate, in order to expel

the mercuric oxide completely, and obtain a constant weight. The
aurora-red suit may be regarded as a double compound, with the

possible formula

3 {12 WO3 . P2O5 . 4 BaO . 2 11,0^ +"

2 {12 WO3 . VPs . 3 BaO . 3 Hp} -f- 132 aq.

It has, I believe, the highest molecular weight, 20058, yet observed,

though I shall describe a little farther on a phospho-vauadio-vanadico-

tungstate with the formula

60 WO3 . 3 P2O5 . V2O5 . VO2 . 18 BaO + 150 aq,

with the molecular weight 200GG. It will be interesting to determine

the specific heats of bodies of this class, as well as the heat of forma-

tion. The formation of the aurora-red salt is very simply expressed

by the equation,

3 {20 WO3 . P2O5 . G BaO} + 2 Vp. =
GO WO3' . 3 P2O5 . 2 V2O5 . 18 BaO,

the process being one of simple addition.

I have mentioned above the fact that a dark red salt crystallizes

from the mother liquor of the aurora-red salt. The following ana-

lytical results were obtained with the small quantity of this salt at my
disposal :

—
0.7GG0 gr. gave 0.5570 gr. mixed oxides = 72.71%
1.0405 gr.

" 0.2133 gr. SO.Ba r= 13.45% BaO
1.0405 gr. lost on ignition 0.1451 gr.

= 13.94%

In the orange-brown salt formed by the decomposition of the aurora-

red salt,

1.1919 gr. lost on ignition with WO.Na^ O.lGll gr.
=

13.51%
1.0476 gr. gave 0.7G53 gr. mixed oxides = 73.05%
1.4122 gr.

« 0.3078 gr. SO.Ba =14.31%
1.2372 gr.

" 0.0087 gr. V^ = 0.70%

No formulas can be deduced from these analyses, but they may serve

to identify the salts analyzed in future investigations.

18 : 3 : 4 Series.— The 24 : 1 phospho-tungstate of sodium already

described, 24 WO3 . Vp^ . 2 Na.O . 4 H,0 -f 23 aq, is readily dis-

solved by boiling with a solution of ammonic meta-vanadate, and

gives a deep orange-red liquid. This solution does not yield crys-
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tals on evaporation, or after standing for some time. Wlien, however,

a solution of potassic bromide is added in large excess, a deep orauge-

red crystalline precipitate is quickly formed in large quantity. The

salt exhibits the peculiar aurora-red tint which is often observed when

phosphoric acid or a soluble phosphate is mixed with a solution con-

taining both tungstic and vanadic oxides. The compound dissolves in

a rather large proportion of hot water, but at the same time undergoes

decomposition, and the solution after a time deposits a bright orange-

brown crystalline salt without the peculiar aurora-red tint. The first-

mentioned potassic salt, as precipitated from a cold solution, allowed to

stand twenty-four hours, then washed with cold water and dried ou

woollen paper, gave on analysis the formula

18 WO3 . 4 V2O5 . 3 PjOj . 8 K^O + 32 aq,

which may perhaps be written

2 {6 WO3 . 2 V2O5 . P.p. . 3 K,0} + 6 WO3 . P^Og . 2 K^O . H^,

the type of the first compound being

8 WO3 . P2O5 . 3 K.p.

1.1017 gr. lost on ignition with WO^Na^ 0.0973 gr. = 8.83%
1.0803 gr. gave 0.8646
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The analyses correspond, though not very closely, to the formula

7W03.VA.PA-3K,0+llaq,
which requires :

—
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34 WO3 . 3 V2O5 . 2 P2O5 ; but a determination of the trimethyl-
animonium oxide will be necessary in order to settle the formula

completely. I am indebted to the kindness of Prof. Arthur Michael

for a supply of the trimethylamin salt, which has proved of great
service to me. The disposition of the corresponding oxide to form

well-crystallized salts makes it a valuable test, and it should become

an article of commerce for chemists' use.

VANADIO-VANADICO-MOLYBDATES.

The salt about to be described constitutes the type of a new and

extensive series of complex acids, which contain two different linking

oxides, embraced respectively under the formulas R^Oj and R'Oo, in

which, however, R and R' may be identical. The general formula

for this class of molybdenum compounds may be written

m M0O3 . n Rfi^ . p R'O, . x W'.f>,

which, in the case of the identity of R and R', becomes

m M0O3 • '^ ^2^s . JO RO2 . a: R^'^O.

I shall show that these are corresponding salts, containing tungsten

in place of molybdenum. Vanadio-vanadico-molybdates are very readily

formed by boiling a mixture of the two oxides of vanadium with an

acid molybdate ; by the partial reduction of vanadio-molybdates ; or by

digesting solutions of acid molybdates with solutions which contain

vanadic dioxide and pentoxide.

28 : 4 : 1 Vanadio-imnadico-molyhdate ofAmmonium.— When pure
ammonic divanadate is ignited in an ojaen platinum vessel, and the

remaining mass is boiled with an excess of a solution of 14:6 acid

ammonic molybdate, a greenish solution is formed, which after fil-

tration and evaporation yields on cooling a pale greenish-yellow

crystalline salt. After draining on the filter-pump, the salt may be

redissolved and recrystallized, when it presents very distinct gran-

ular greenish-yellow crystals. The solution is bright yellow. Of

this salt,
—

1.4613 gr. lost on ignition with WO.Nag 0.2527 gr. = 17.29%
1.3326 gr. gave by titrition 0.1423 gr. (NHJP = 10.68%
1.2031 gr.

" " 0.1288 gr.
"

=10.71%
2.1968 gr.

" 0.2184 gr. Yjd,= 9.95% VO., + V^O^
0.9980 gr.

" 0.0607 gr. VO2 = 6.08% VO2
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The analyses lead to the formula

28 MoO.. ,
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ration. Tlie barium salt is very slightly soluble in cold water, and is

decomposed by boiling water, with separation of baric molybdate, and

formation of a pale greenish-yellow solution, which possibly contains a

new salt of the same class. The salt is decomposed by boiling with

mercurous nitrate, giving a bright yellow crystalline body. Boiled

with argentic nitrate it gives an orange-colored precipitate, which is

also crystalline. Of this salt,
—

1.1 GOO gr. gave 0.72G0 gr. WO3 -f V^O^ + VO., = 62.09%
and 0.4772 gr. SO.Ba = 20.80% BaO

1.5526 gr. gave 0.6332 gr.
" = 26.70%

"

1.0341 gr. lost on ignition 0.1127 gr.
= 10.90% Hfi

2.1990 gr. gave by titrition 0.1748 gr.
= 7.95% Yfi^

The titrition was effected by SOJI, + SO^(NH4)2 -f- 6 aq, in a solu-

tion to which HCl had been added, after oxidation with nitric acid and

addition of an excess of sodic carbonate. All the vanadium present

was therefore estimated as VgO^.

The analyses correspond closely to the formula

30 M0O3 . 2 V2O5 . 3 VO2 . 14 BaO + 48 aq,

which requires :
—
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VANADIO-VANADICO-TUNGSTATES.

The class of salts to which I have given this name come also under

the general formula

m RO3 . n W.p, . p R"0, . X ^'\0,

and constitute, like the corresponding compounds containing molybde-

num, a nevjr ternary series. They are formed under the same condi-

tions as these last, and like these have an orange or orange-red color,

with a more or less distinct tinge of green.

12:2:3 (?) Vauadio-vanadico-tungstate of Sodium. — This salt,

whicli was the first which I obtained containing vanadium, was formed

by boiling with 12:5 acid sodic tungstate, a commercial vanadic pent-

oxide, which I owed to the kindness of Dr. J. Lawrence Smith, and

which was probably prepared by igniting ammonic meta-vanadate,

and therefore contained a certain proportion of vanadic dioxide. I

did not succeed in preparing it a second time with a new preparation

of the mixed oxides, and therefore trust that the incomplete analyses

and meagre description of this and the corresponding ammonium and

silver salts will be excused. The solution of the mixed oxides in the

acid tungstate gave a deep orange-red solution, which, on evaporation

to the consistency of a syrup, yielded after a time large orange-red

apparently triclinic crystals, extremely soluble in water, and crystalliz-

ing only from syrupy solutions. In this salt, twice recrystallized,
—

0.5968 gr. lost on ignition to fusion of the residue 0.1019 gr. =^ 17.07^
0.6852 gr.

" " " " 0.1 1 64 gr.= 16.99%
0.331 1 gr. gave 0.2481 gr. WO3 + Yfi,+ VO^ =

74.96%

These analyses, taken in connection with those of the ammonium

and silver salts, may, with at least a certain degree of probability, be

considered as leading to the formula

12 WO, . 2 VA . 3 VO, . 6 Na.p -f 43 aq,

ich requires
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The solution of this salt had a deep orange-red color with distinct

greenish reflections. Bromine water instantly gave a very fine deep

orange solution, having nearly the color of jaotassic dichromate, and

without the greenish tint : the liquid then contained only a sodic vana-

dio-tungstate. The solution gave flocky precipitates with various salts

of heavy metallic oxides, and a bright red crystalline precipitate with

argentic nitrate. A solution of acid potassic tungstate dissolved the

mixture of oxides of vanadium, forming a greenish-orange solution,

which also became bright orange-red with bromine. The potassic salt

crystallized from this solution after evaporation to the consistency of a

syrup, and gave crystals of a peculiar greenish-orange tint. The solu-

tion of this salt gave a bright orange indistinctly crystalline precipitate

with mercurous nitrate. This precipitate was decomposed by dilute

chlorhydric acid, yielding a yellow solution from which no crystals were

obtained by evaporation. This is perhaps the acid of the series.

12 : 2 : 3 (?) Ammonium Salt. — 12:5 acid ammonic tungstate

was boiled with a portion of the same commercial vanadic oxides in

excess. The oxides dissolved readily, leaving, as in the cases of the

sodium and potassium salts, a quantity of a black insoluble powder.

The deep orange-yellow solution deposited on cooling beautiful orange-

colored crystals of an ammonium salt ; but on evaporating the main

solution in vacuo, two kinds of crystals were obtained, one in relatively

large dark-red octahedrons, the other much lighter-colored and resem-

bling potassic dichromate. The darker salt gave in two analyses 17.98

and 18.05
f)^

of water and ammonic oxide. Of the lighter-colored salt

separated mechanically from the first-named,
—

0.8429 gr. lost on ignition 0.1149 gr. = 13.63% H^OandNHg
0.81G4gr.

" " 0.1107 gr. =13.56%
" "

0.9047 gr. gave 0.1502 gr. NH.Cl = 8.07% (NH,)20

The analyses agree, so far as they go, very well with the formula,

12 WO3 . 2 Yfi, . 3 VO2 . 6 (NHJ^O + 12 aq,

which requires :—
12 WO3
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The solution of this salt gives a beautiful scarlet precipitate with

argentic nitrate, and a fine yellow precipit;ite with salts of strychnin,

which after standing some hours becomes granular crystalline.

12 : 2 : 3 (?) Vanadlo-vanadlco-tungslate of Stiver. — The salt an-

alyzed was in beautiful scarlet crystals, and was prepared by precipi-

tating the ammonium salt with argentic nitrate, and washing with

cold water. The salt is not distinctly crystalline Avhen first thrown

down, but becomes so after standing in the liquid. It is very slightly

soluble in cold water, but dissolves in much hot water to a yellow

liquid. Of this salt,
—

2.11 93 gr. lost on ignition 0.0621 gr.
= 2.93%

0.7511 gr. gave 0.7420 gr. AgCl = 28.21% Ag.p

These analyses agree with the formula,

12 WO3 . 2 V2O5 . 3 VO, . 6 Ag, + 8 aq,

which requires :
—

12 WO3
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oxidizing with bromine, and th^n determining the whole of the vanadium

as pentoxide by boiling with chlorhydric acid and titrating as before.

rnOSPHO-VANADIO-VANADICO-TUNGSTATES.

I have given this rather ponderous appellation to a class of com-

pounds in which vanadium exists partly as pentoxide and partly as

dioxide. They may be regarded simply as double salts, but in the

present state of our knowledge it will be found most convenient to

consider them as a special class.

Salts of this type are formed whenever phospho-tungstates are mixed

with vanadates in presence of vanadic dioxide, when vanadio-vanadico-

tungstates are heated with solutions of alkaline phosphates or with

phosphoric acid, and when phospho-vanadates and alkaline tungstates are

brought together in presence of a reducing agent and of an acid. The

salts are sometimes green and sometimes orange-red. In the last case

they have frequently the peculiar aurora-red tint noticed among the

colors of the phospho-vanadio-tungstates. They pass readily by ox-

idation with bromine or nitric acid into salts of the last-mentioned

type, and they may be also derived from these by a partial reduction

of the vanadic pentoxide.

Analytical Methods. — These are essentially the same as those which

have been described. All the non-basic oxides may be determined

together by means of mercurous nitrate and mercuric oxide, after com-

plete oxidation with nitric acid. Phosphoric oxide may usually be

determined directly, or after separation of a non-alkaline base, by double

precipitation with magnesia-mixture. The vanadic pentoxide can be

estimated by boiling with chlorhydric acid and titrition in the manner

already pointed out. To determine the vanadic dioxide the solution

must first be oxidized completely, so as to convert the dioxide into

pentoxide, any excess of the oxidizing agent employed being carefully

removed. I prefer to use bromine water for this purpose. The whole

of the vanadium may then be determined by titrition as above. The

difference between the amount of vanadic pentoxide found before and

after complete oxidation then gives, by a simple proportion, the corre-

sponding amount of vanadic dioxide. It must be remembered that the

sum of the non-basic oxides found by the mercury process requires to

be corrected by adding the amount of oxygen required to convert the

vanadic dioxide present into the equivalent of pentoxide. When the

whole quantity of vanadium present is small, this correction may be

neglected, as falling within the limits of the errors of analysis unavoid-
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able with our present methods. Baric oxide in these salts is best esti-

mated by difference, as the direct estinaation almost always gives too

high a percentage.

60 : 3 : 1 : 1 Barium Salt. — When ammonic vanadate is heated

in a porcelain crucible until all the ammonia is expelled, the

greenish residue consists, as already stated, chiefly of a mixture of

vanadic dioxide and pentoxide. If this mixture be added in small

portions at a time to a boiling solution of the baric phospho-tungstate,

20 WO3 . P2O5 . 6 BaO, already described, the liquid takes at once a

rather dull green color. The filtrate from the excess of mixed

oxides, after evaporation in a water-bath and standing for some hours,

yields a mass of deep green crystals, mechanically mixed with a rela-

tively small proportion of a fine white powder, which may easily be

removed by washing with cold water and pouring off the powder in

suspension. The dark green crystals are regular octahedrons, fre-

quently in long aggregates and beautifully defined. The salt is rather

insoluble in cold but readily soluble in hot water, with a dark and

rather dull green color. The cold solution, after adding dilute sul-

phuric acid, is not sensibly oxidized by potassic hypermanganate or in

alkaline solution by iodine. The hot solution is oxidized by bromine

and by nitric acid, and becomes deep orange-red. At a boiling heat

potassic hj'permanganate also oxidizes it, the quantity required for

oxidation being very small, so that it can with difficulty be estimated.

Of this salt,
—

1.2596 gr. gave 0.9178 gr. mixed oxides = 72.86%
1.0160 gr. lost on ignition 0.1362 gr.

= 13.40%
1.4649 gr.

" " 0.1969 gr. =13.44%
1.8580 gr. gave 0.0624 gr. P^O.Mg^ = 2.15% Pp^
1.3846 gr.

" 0.0105 gr. V265 = 0.76%
1.1972 gr.

« 0.0131 gr.
" = 1.09%

Tn these analyses the vanadic pentoxide was determined directly in

the salt, by boiling with chlorhydric acid and titrating. In two other

analyses, the vanadic dioxide was first completely oxidized by means

of bromine ; the whole quantity of vanadium was then determined as

before. The percentage of vanadic dioxide was then calculated from

the excess of V^O^ over that found by direct analysis. In this

process,
—
1.1379 gr. gave 0.0161 gr. V^O^ = 1-44%
1.1714 gr.

« 0.0200 gr.
" =1.71%
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linking portion of the structural formula of the corresponding acid

may be written as follows: —

HO -
WO.,

I

o

W02-OH
o

vo„ vo,.

2 (HO

2 (HO

2 (HO

2 (HO

2 (HO

2 (HO

2 (HO

= VO - - OV = (0H)2
I

= VO - O - OV = (0H)2
I

= PO - O - OP = (OH),
I

= PO - - OP = (OH),
I

I

= PO - - OP = (OH),
I I

= PO - O - OP =
(OH),

1 I

= PO - - OP = (OH),

3 (HO) E PO - O - OP E (0H)3

This formula, which, like most of those which I have given, is purely

conjectural, will at least serve to show how the two different states of

oxidation of vanadium may be represented in the combination, and

how the basicity of PO and VO may be affected by their position.

Such formulas are not without value, as suggesting the possibility of

forming new combinations, even if, as I prefer in this case to do, we

consider the salt represented as double or triple. Structural formulas

for double and still more for triple inorganic salts would probably be

still more complex, and what I have aimed at is to show how all the

valences may be satisfied in an arbitrarily selected compound contain-

ing four oxides of three different types.

The general results deducible from the formulas which I have given

in the present instalment of my work are as follows :
—

1. Hypophospliorous and phosphorous acids may enter into combi-

nation with tungstic and molybdic oxides as links, so as to form com-

plex inorganic acids. The structure of these four classes of acids

indicates the possibility of forming new series of acids, in which

methyl and other organic radicals or residues may take the place of

the constitutional hydrogen of the hypophospliorous and phosphorous
VOL. xviii. Is. s. X.) 18
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linking terms, and again of others in which, besides the replacement
of hydrogen, phosphorus may be replaced by arsenic, and possibly

b}^ antimony and other elements.

2. Vanadium may replace phosphorus and arsenic so as to form

well-defined series of vanadio-molybdates and vanadio-tungstates em-

braced under the general formula

m RO3 . n V2O5 . p RI2O.

3. Vanadic and phosphoric pentoxides may enter simultaneously

into combination with tungstic or molybdic oxide, so as to form classes

of triple acids embraced under the general formula

m RO3 . n P.O. . p V2O5 . V II2O.

4. A class of quadruple acids exists into which, in addition to phos-

phoric and vanadic pentoxides, vanadic dioxide may enter, the general

formula being

m RO3 . n P2O5 . p V2O5 . r VO2 . v ll.Jd.

5. In another class of ternary or triple acids molybdic or tungstic

oxide may be combined with both vanadic pentoxide and vanadic

dioxide, the general formula being

m RO3 . n V2O5 . p VO2 . V H2O.

I shall show hereafter that all of these results are capable of further

generalization ; that, for example, other oxides of the types RO2 cor-

responding to hydrates of the form R(OH)^ may replace VO2 or

V(OH)^; that other pentoxides may replace F.20^, AS2O5, and V2O5,
either in the presence or in the absence of oxides of the type RO2 ; in

short, that the complex inorganic acids form a new department of inor-

ganic chemistry, and not a series of isolated compounds.

(2b be co7itinued.)
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XVIII.

CONTRIBUTIONS FROIVI THE CPIEMICAL LABORATORY OF
HARVARD COLLEGE.

THE VOLUMETRIC DETERMINATION OF COMBINED
NITROUS ACID.

By Leonard P. Kinnicutt and John U. Nkf.

Presented May 9th, 1883.

The amount of nitrous acid contained in commercial samples of

potassic and sodic nitrites has been commonly determined in the fol-

lowing manner. The nitrites are dissolved in slightly acidulated

water ; a solution of potassic permanganate is added till the oxidation

of the nitrous acid is nearly completed; the solution is then made

strongly acid, and potassic permanganate added until the solution has

a faint red color.

This method is far from satisfactory, closely agreeing results being
rather the exception than the rule. The cause is most probably due

to the escape of a small amount of nitrous acid, and also to the slow

oxidation of the last traces of the nitrous acid by the potassic per-

manganate.
A further study of the analyses of nitrites volumetrically seemed

desirable, and after numerous experiments the following process, or

modification of the old process, as it might more properly be called,

was devised.

The sample of nitrite is dissolved in cold water, one part of the

salt to at least three hundred parts of water. To this solution a deci-

normal solution of potassic permanganate is added, drop by drop, till

the liquid has a decided and permanent red color, then two or three

drops of dilute sulphuric acid, and immediately afterwards an excess of

the potassic permanganate solution. The liquid, which should now be

of a dark red color, is made strongly acid with sulphuric acid, heated to

boiling, and the excess of potassic permanganate determined by means

of a deci-normal solution of oxalic acid.
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XIX.

CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF
HARVARD COLLEGE.

THE (3 PHENYLTRIBROMPROPIONIC ACID.

By Leonard P. Kinnicutt and George M. Palmer.

Presented May 9th, 1883.

The a phenyltribroinpropionic acid and the products formed when this

acid is decomposed by boiling water were briefly described by one of

us last year.* During the past winter the study of the /3 acid was

undertaken, and it has been considered best to give at this time the

results so far obtained, as the further investigation must be carried on

in different relations.

The f3 phenyltribrompropionic acid was obtained by the notion of

dry bromine on /3 monobromcinnamic acid, this last having been pre-

pared in the way previously described.t

By the action of bromine on j3 monobromcinnamic acid, GlaserJ

obtained an acid, which he describes as melting during the absorption

of the bromine and only solidifying again after several days. The

melting point he found to be 45-48° C. The results obtained by us

are very different. Perfectly pure /3 monobromcinnamic acid melting

at 120° C. was placed under a bell glass with the theoretical amount of

bromine. Not the slightest indication of melting was observed, and

after twenty-four hours the bromine was all absorbed. The acid so

obtained was purified by crystallization from chloroform and melted

at 151° C. It is soluble in alcohol, ether, carbonic disulphide, chloro-

form, and benzol.

The analyses gave the following results:—
1. 0.2711 gr. substance gave 0.2788 gr. CO, and 0.0454 gr. H.p.
2. 0.3845 gr, substance gave 0.3912 gr. CO2 and 0.0702 gr. Rfl.
3. 0.1894 gr. substance gave 9.2769 gr. AgBr.
4. 0.1839 gr. substance gave 0.2696 gr. AgBr.

* Kinnicutt, Amer. Chem. Jour., iii. 4. t Ibid.

} Annalen der Chemie, cxliii. 339.
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Calculated for CoUjEraOj. j 2
^°^°^-

3 ^

28.04 27.73

1.86 2.00

c
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stances are not simply isomeric, but identical. This point, however,

cannot be positively settled till a careful study has been made of the

addition products of both compounds.

a Monohromcinnamic Acid.

The nearly clear liquid from which the bromstyrol had been dis-

tilled was made slightly alkaline with sodic carbonate, and shaken

with ether to remove the last traces of the oil. The solution was then

evaporated to a volume of about one hundred cubic centimeters and

acidified with dilute hydrochloric acid. A white precipitate was

thrown down, which after one crystallization from boiling water melted

at 132° C, and proved to be the a monohromcinnamic acid.

Two bromine determinations gave the following results :
—

1. 0.1986 gr. substance gave 0.1661 gr. AgBr.
2. 0.2242 gr. substance gave 0,1874 gr. AgBr.

Calculated for CgHjBrOj. j
Found.

^

Br 35.25 35.58 35.56

The barium salt, formed by adding baric chloride to a dilute solution

of the acid in warm water, resembled in every respect the barium salt

of a monohromcinnamic acid as described by Glaser.* It was only

sliiihtlv soluble in cold water and insoluble in alcohol. The barium

salt of the ji bromcinnamic acid is hj'groscopic, and soluble in alcohol.

The salt gave on analysis the following result :
—

0.3092 gr. substance gave 0.1233 gr. BaSO,.

Calculated for (C9n6Br02)2Ba. Found.

Ba 23.23 23.42

The formation of the a monohromcinnamic acid from both the a

and P phenyltribrompropionic acids was rather to be expected, as

Glaser has found that the fB monohromcinnamic acid is changed into

the a by distillation, or by heating it with hydriodic acid,t and, more-

over, Barish has shown that from both the a and /3 acids only the

ethyl ether of the a acid can be obtained. t

In speaking of these acids we have used the nomenclature proposed

by Glaser. For although it is very probable that his a acid is in fact

* Annalen der Clieniie, cxliii. 334. t Ibid., 33G.

X Jour, fur Prakt. Chemie, cxxviii. 185.
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the /?,
it does not seem desirable to change names that have become

familiar until it is absolutely necessary ;
and notwithstanding the work

that has been done in the investigation of these acids during the past

five years, no direct proof has been given as to the position of the

bromine atoms.

Pkenyldibromlactic Acid.

On evaporating the filtrate from the a monobromlactic acid to a

small volume, a substance crystallized out that melted at about 180° C.

After recrystallization several times from water, the melting point rose

to 184° C, and it gave on analysis amounts of carbon, hydrogen, and

bromine corresponding to those required for a phenyldibromlactic acid.

The acid is very soluble in water, alcohol, and ether, soluble in

chloroform, and slightly soluble in carbonic disulphide and benzol.

We have not as yet succeeded in obtaining the acid in large enough

quantities to study its salts, or to decide which of the several possible

formulas correctly represents its structure.

The analyses gave the following results :
—

1. 0.1854 gr. substance gave 0.2257 gr. CO^ and 0.0440 gr. 11,0.

2. 0.1989 gr. substance gave 0.2440 gr. CO.^ and 0.0470 gr. H2O.
3. 0.1605 gr. substance gave 0.1870 gr. AgBr.
4. 0.1812 gr. substance gave 0.2122 gr. AgBr.

Found.
3. 4.

Calculated for CgHjBraOg.
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Found.
2.

Br 75.82 75.68 75.34 75.G0

Calculated for CjII^Br^. 12 3

The substance is evidently a tetrabromstyrol. It is a thick viscous

oil, soluble in alcohol, ether, and carbonic disulphide. It begins to

deconapose on heating at a comparatively low temperature.

It is to be hoped that the study of the products formed by the action

of boiling water or dilute alkalies on the above compound, and also on

the substance obtained by the addition of bromine to the dibromstyrol

formed from the a phenyltribrompropionic acid, will show not only

the structure of the two dibromstyrols, but also of the two monobrom-

cinnamic acids.
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XX.

CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF
HARVARD COLLEGE.

ON THE CRYSTALLINE FORM OF CHLORDIBROM-
ACRYLIC ACID, C^ClBrAHj.

By Oliver W. Huntington, Assistant.

Presented May 9th, 1883.

iao

10J ^.^ \ """""-^010

101

in

These crystals were measured at the request of Dr. C. F. Mabery,
who will describe their preparation in another connection. They are

prismatic, and have the well-marked triclinic habit shown by the

above free-hand sketch, while the accompanying stereographic projec-

tion gives more accurately the relations of the planes.

The chief prismatic axis is taken as the axis of Z, and the axes of

the only other zones around which accurate measurements could be

obtained were selected as the axes X and T. The fundamental angles

measured were :
—
010 on 100

100 " 001

010 " 001

100 " 101

100 " 110

6G° 23'

116° 17'

116° 20'

63° 50'

47° .5'
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From these we calculate

XonY 104° 43' TouZ 71° 6' X on Z 71° 10'

a:b:c = 0.7981 : 1 : 0.7207

In addition to the above, selected as fundamental planes, we also

observed

430; 054; 504? 740; 470; 474; 047?

These symbols were for the most part deduced from the zone inter-

sections, and the indices could only in a few cases be verified by

angular measurements. The faces of the vertical prism especially

were very irregular, in consequence of the alternations caused by

parallel grouping, so common with artificial crystals ; and although

the relative position of the fundamental planes could be accurately

fixed, the symbols of the intermediate planes must be regarded as

doubtful ; these planes were seldom seen, and only in the vertical

zone. The symbols given on the projection were obtained by finding

the intersection with the vertical zone of other zones never well defined

on the same crystal, and it can only be claimed that the approximate

angular measurements on the vertical zone were compatible with the

indices given. The following additional angles were calculated and

verified by measurements when possible.
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XXI.

ON A METHOD OF DETERMINING THE INDEX ER-

ROR OF A MERIDIAN CIRCLE, AT ANY INSTANT,
DEPENDING UPON THE OBSERVED POLAR DIS-

TANCE OF POLARIS.

By "Wii.liam A. Rogers.

Presented May 9th, 1883.

The three methods which are commonly employer! in the determina-

tion of the index error of a meridian circle are the following :
—

(a.) The reading of the circle for the nadir point determined by
the coincidence of the real and the reflected images of the central

thread of the transit-reticule formed by reflection from the surface of

mercury. This reading, which is a function of the latitude, will give

the index error under the name of the "zenith-point correction."

(5.) The mean of the observed zenith distances of fundamental stars

situated symmetrically with respect to the zenith, when compared with

the corresponding tabular zenith distances, will yield the zenith-point

correction independent of the refraction of the stars observed, since,

For stars south of the zenith, z= (cj)
—

8)
— Refraction,

and

For stars north of the zenith, 2=— (4>
—

S) -f-
Refraction.

(c.) A comparison of the observed with the tabular polar distances

of fundamental stars symmetrically distributed in declination from the

pole to a point as far south as the refraction can be securely deter-

mined, will give the index error under the form of a polar-point cor-

rection. The index error determined in this way, however, involves

the systematic errors in declination of the fundamental system through

which the observations are reduced. On the other hand, if the funda-

mental system is really free from this class of errors, this method fur-

nishes the data for an approximate determination of the periodic

errors of the circle.
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At "Washington, and at most other first-class observatories, the first

method is employed. At Greenwich, both the first and the second

methods are in use, the value adopted for any day being the mean

result given by the two methods. At Harvard College Observatory,

the third method is employed in all differential observations.

Each method has its advantages, and also its disadvantages. In the

use of the first method, either the latitude must be considered as known,

or else it must enter as an unknown quantity into the equations of con-

dition formed from the observations. Easy reference to a fixed point

would seem to be about the only advantage that can be claimed for

this metliod. Except for this tliere would seem to be no good reason

why we should measure a quantity which is not the quantity sought.

Polar distance is the co-oi'dinate to be directly measured, and the polar-

point correction is tlie correction needed. This can be obtained by

observing the polar distance of the Pole-star at both the upper and

lower culminations. This method has been exclusively followed for

the past five years in the series of observations undertaken by the

writer, for the determination of the absolute co-ordinates of about one

hundred stars between the first and fourth magnitudes. The defect

of this method consists in the requirement that the index error of the

circle must remain constant between two adjacent culminations.

It is proposed to verify the constancy of this quantity in the fol-

lowing way.
It has been found that the reversible level invented by Mr. John

Clark of the United States Coast Survey serves in the most admirable

way to define a fixed reference plane. The reading of the microscopes

of the Harvard College Meridian Circle for the indicated zero of the

level, which is attached to the cube of the telescope, has now been

continued without interruption for nearly two years. A provisional

discussion of the results shows that the reference plane thus indicated

remains nearly invariable, — certainly it is more steady than the

position of the mean of the microscopes upon the circular frame

upon which they are mounted with respect to the position of the circle

itself.

It is proposed to mount a level of this form upon a horizontal table

attached to an arm having an angle with the axis of the earth nearly

equal to the polar distance of Polaris when the telescope is set at this

polar distance. If the lower end of this arm is mounted upon centres,

and if there is attached to the upper end a micrometer screw which is

tangent to the arc of revolution, it is obvious that, when the reading of

the screw for either culmination of Polaris is known, we can measure
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the deviation of the optical axis of the telescope from this plane

by reading the circle, the level, aud the index of the micrometer

screw. In this way a constant watch may be kept ujjou the position

of the microscopes with respect to the circle. The whole apparatus

may be conveniently attached to the cube of the telescope. The

steadiness of both the level and the microscopes may be inferred

from the following readings of the circle for the zero line of the level.

They involve the accidental errors of reading both of the microscopes
and of the level, as well as actual changes in the position of the mean

of the four microscopes. That part of the change which is due to the

latter cause will be determined when the observations of Polaris are

reduced. Only the seconds of arc are given.

Date.
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XXII.

STUDIES IN METROLOGY.

FIRST PAPER.

By William A. Rogers.

Presented May 9th, 1883.

It will be the aim of the present paper to present a critical study of

certain standards of length, which have been compared either directly

or indirectly with the original standards, which are now recognized

throughout the civilized world as the ultimate and supreme authority

in all matters relating to units of length ; viz. with the "
Imperial

Yard" at London, and with the "Metre des Archives" at the Inter-

national Bureau of Weights and Measures, situated at Breteuil, near

Paris.

The second paper will contain a discussion of all the standards of

length which have been constructed by the writer from the prototypes

investigated in this paper. These prototypes are designated and de-

fined as follows :
—

I. The Tresca Meter, having the designation T.

The bar upon which the defining lines of this meter are traced is

composed of pure copper, and has narrow strips of platinum inserted at

each end. The bar has the X shape proposed by Professor Tresca,

which allows the graduations to be placed nearly in the plane of the

neutral axis without interfering materially with their examination under

a microscope having considerable magnifying power.
The platinum surfaces are in the same plane with the surface of the

copper, not only at each end, but throughout the entire length. These

surfaces are fairly well adapted to receive sharply defined graduations ;

but this material is far inferior to platinum-iridium in this respect.

This bar was placed upon the tracing comparator of the Conserva-

toire des Arts et Metiers, on the morning of February 4, 1880. After

remaining at a constant temperature for about forty hours, M. Gustave
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Tresca, at two o'clock on the morning of February 6, transferred to it

the Conservatory line meter No. 19, whose relation to the Metre des

Archives had been previously determined with great exactness by

Professor Tresca. There are three defining lines at each end, with an

interval of 17.4
/a.

The width of each line is about 5
/a.

It appears

from a large number of subsequent comparisons of the three meters

defined by these lines, that they do not differ inter se by a measurable

quantity.

Immediately after the transfer was completed, a direct comparison

with meter No. 19 was made. Comparisons were continued during

the next day and the next night.

The certificate which accompanied this meter states that it is 1.00 ix

longer than the corrected value of meter No. 19 at 13°.70 C.

Employing in the reduction the coefficient of expansion for No. 19,

.000008G0860, we find, therefore, that

Tis 118.94 /A
<oo long at 13°.70 C.

II. The Froment Meter, designated F.

This meter was originally an end measure only. The metal is steel,

but the end surfaces were not hardened. This meter has been com-

pared indirectly with the Metre des Archives through a comparison

with a meter belonging to the Observatory of Kazan, which, by a com-

parison with the meter of the Conservatory, had been found to be

2.431
yu,

too long. During a visit to the establishment of Messrs.

Demoulins-Froment, I ascertained that M. Froment had a line meter

upon steel, which was supposed to be the equivalent of the end meter.

Having purchased the latter, I asked M.- Diner, who has this class of

work in charge, to transfer to its upper surface this line meter, with

subdivisions into decimeters. Inasmuch as the upper part of the bar

extends beyond the defining surfaces of the meter at each end, this

transfer was fortunately feasible. The transfer by M. Diner was made

with great care, and from a comparison which I was permitted to make

with the comparator of M. Froment, I became convinced that the claim

of M. Diner, that the limit of error did not exceed 2
fi,

was clearly

substantiated.

The defining surfaces of the end meter are parallel only in the ver-

tical plane, which is perpendicular to the axis of the bar. It will

appear from the discussion which will follow, that, if the measurements

are made from contacts on either side of the vertical line passing

through the centre of the bar, an error will be introduced which is
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proportional in magnitude to the distance from this line. Its maxi-

mum value is about 8
jx.

In this discussion the end meter will be designated F^, and the line

meter Fi. We have, then,

Ff — 8.43
ju,
= Metre des Archives.

Fi — F^ nearly.

Upon placing F^ upon my own comparator after my return to Cam-

bridge, I was surprised to find that, when the terminal lines were in

focus, the lines along the middle of the bar were barely visible under

the microscope. I was the more surprised, as I had examined the bar

with respect to this very point while at Paris. After becoming assured

that the ways of my own comparator had no sensible flexure, by cer-

tain tests which will be described later in this paper, only one conclu-

sion could be reached; viz. either that the microscopes employed in

the examination at Paris had not sufficient power to enable the observer

to detect the deviation of the ways of the comparator from a horizontal

plane, or that the curvature of the ways was the same as the curvature

of the bar.

Inasmuch as it was not possible on this account to determine exactly

the relation of each decimeter of Fi to the entire meter, and because

the softness of the metal prevented the repetition of exact end contacts,

I decided to reconstruct this bar for my own use. Before this was done,

however, the following operations were performed.

(a.) The terminal lines of Fi were transferred to T at 13°.70 C.

nearly.

Two sets of graduations werp made, one composed of five rather

coarse lines, and the other composed of five lines having as nearly as

possible the same characteristics as the Tresca defining lines. The

former are designated T '°' and the latter T'^^"-^- Corresponding
lines were traced at the middle point of T upon the surface of copper.

At the same time, a provisional yard was laid off upon T, employing
one defining line of the meter as the defining line of the yard at that

end.

{b.) The relations between Fi and 7""*
'"^ and T ^' '^ were carefully

determined.

(c.) The relation of i^^ to T"'^---^, and also to three other meters to

be described hereafter, was determined.

After this work was done, hardened steel plugs were inserted at the

ends of F^, and the surfaces were made parallel. In order to accom-

plish this, it was necessary to grind off a trifle more than the 8.4
(jl,

VOL.. xvm. (n. s. X.) 19



290 PROCEEDINGS OF THE AMERICAN ACADEMY

by which amount F^ was longer than the meter of the Archives. The

amount by which the length was actually diminished will appear in

the discussion which follows.

The upper surface of this bar was made nearly a plane surface when

supported at its neutral points. The amount of metal removed at the

middle point was about .012 inch. Tempered steel plugs were then

inserted with a close fit in the upper surface of the bar, according to a

scheme shown in the following sketch :
—

Diagram Illustrating Subdivisions of the Yard and Meter.

f g h

METRIC.

a b = 1 Meter.

a c ^ c b := i Meter.

ae = ef=fg = gh^hc=:l Decimeter.

a d ^ d e = 5 Centimeters.

d e subdivided to Centimeters.

ENGLISH.

a' b' = 1 Yard.

a' c = c b' = ^ Yard.

c d' = d' e' = e' b' = 6 Inches.

e' b' subdivided to Inches.

By means of a device suggested by Mr. George F. Ballou, who

prepared the bar, the surfaces of these plugs were brought into the

same focal plane after they had received the final polish. At this

point it will be proper to explain the method by which the general

surface of graduated bars is made plane.

As will be hereafter shown, a plate to which a microscope is attached

slides freely upon the ways of the comparator. The flexure of these

ways is controlled by means of flexure screws beneath. It is evident

that, if the objective of a microscope of high power remains in good

focus at every point along a polished metal surface lying parallel with

a plane passing through the points of contact at the two ends of the

ways, the movement of the microscope plate along the ways defines a

reference plane with which any other plane can be compared. The

following tests have been employed in the definition of this reference

plane.

(1.) Mr. George B. Clark, of the firm of Alvan Clark & Sons, pre-

pared for me a steel bar, one meter in length, which has one optically

plane surface, when the bar is supported at its neutral points. Placing

the bar thus supported upon the comparator, and adjusting it so that

surfaces at the two ends are in a focal plane parallel with that defined

by the microscope plate in corresponding positions, it has been found

that the objective remains in focus at every point along the surface

of this bar.
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(2.) A similar test has been applied with a surfece plate 42x1^x6
inches, prepared by Professor Morris of Cornell University. I have

two of these surface plates. One was prepared in the usual way, but

the other was not touched with a tool after it left the planer. I think

it would be difficult to find a better specimen of planing. Although

each plate weighs about tweuty-five pounds, one will lift the other by

the contact of their surfaces.

(3.) If a shallow dish of mercury is placed upon the comparator,

the surface of the mercury forms a reference plane with which the

plane described by the microscope plate can be compared. Under a

half-inch objective supplied with a Tolles opaque illuminator, one can

focus upon the minute globules of mercury with considerable sharpness.

Having proved that the microscope plate describes a true plane dur-

ing its movement along the ways, the bar whose surface is to be pre-

pared is placed upon the comparator, supported at its neutral points,

and the surface is worked down with soft stone till every part remains

sharply in focus under the objective.

Experience has shown that the surface of every bar prepared in this

way falls into a plane surface within a short time after it is placed upon

its supports.

(4.) Recently a fourth method of testing the deviation of the plane

described by the microscope carriage from a true horizontal plane has

been applied with good success. It may be described as " the method

by two microscopes." A flat bar, about sixty centimeters in length,

was attached firmly to the carriage in a direction parallel with the

ways. At each end, the arm which supports the microscope was fas-

tened with an adjustable motion iu every direction. The two micro-

scopes when placed in position are one half-meter apart, and equidistant

from the centre of the carriage.

The Clark reference bar having been placed in position upon the

bed of the comparator, the defining lines of each end were adjusted for

focus under the right-hand microscope. The flexure screws beneath

the comparator were then moved till the defining line at the middle

point was in sharp focus. It is now found that every part of the sur-

face of the reference plate remains in good focus. But it does not

follow that either the plane described by the microscope carriage or

that of the reference bar are real planes. It can only be said that they

are parallel. We now adjust the left-hand microscope upon the refer-

ence bar at the left end. Now, if the microscope carriage describes a

true plane in passing from the middle point to the right end of the

comparator, the defining line near the middle point of the bar at which
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the other microscope had been adjusted for focus will remain in focus
under tlie left-hand microscope.

This operation will test the movement of the carriage over only one

half of the distance moved, viz. from the middle to the right end. But

by adjusting the left microscope upon the right end of the bar, and

moving the carriage from right to left, the remaining half can be tested

in a similar manner. It is found that only two or three trials need to

be made in the adjustment of the bed-plate by means of the flexure

screws in order that the defining lines at each end of the reference bar

shall remain in sharp focus under both microscopes. Of course, the

lines at the middle of the bar will now remain in focus only when they
are in the same plane as the terminal lines. In the case of the Clark

reference bar this condition is fulfilled with great exactness. It will

be noticed that this method does not require that the surface of the

reference bar shall be a true plane. Any two points may be chosen,

but these points must remain in the same plane during the entire op-

eration of testing.

Since this method has been adopted, much better results have been

obtained than it was possible to obtain before.

(5.) A fifth method avoids dependence upon the variation of focus

as the test of a plane surface. In this method the microscope is at-

tached to the carriage in a horizontal position, the line of sight being

a little above the surface of a bar which is supposed to be a plane sur-

face, and with which the plane described by the microscope carriage is

to be compared.

If a small piece of metal having one plane surface is placed at differ-

ent positions upon the surface of the reference bar, a given point upon

the front face, formed by the intersection of a perpendicular and a

horizontal defining line, will remain in a plane parallel with the sur-

face of the bar. This test-piece is first placed at one end, and the

defining horizontal line is brought into coincidence with the defining

line of the microscope micrometer. The carriage is then moved to the

other end, and the test-piece is moved upon the surface of the bar till

the cross lines are brought into the field of the microscope. The co-

incidence with tiie micrometer line is then made by the vertical adjust-

ment of the bar. The test-piece is now placed at the centre of the

reference bar, and, if the coincidence of the defining lines is still main-

tained, the surface described by the carriage is parallel with the surface

of the bar. The deflection of the ways at any point can thus be meas-

ured by means of the micrometer screw of the microscope.

This method of preparing the surfaces of bars for graduation obvi-
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ates the inconvenience of placing the defining lines at the bottom of

wells in order to reach the plane passing through the neutral axis, and

it enables one to place the terminal lines and the lines marking the

subdivisions in the same plane.

The steel bar prepared in this way is designated i?j. Three sets of

graduations are traced upon the polished surfaces of the steel plugs.

They are designated as follows :
—

Lines 7?^"* define the meter and the yard provisionally at 62°.0 Fahr.

The corrections required for these defining lines having been ascer-

tained from a sufficient number of observations, they were applied in

tracing the remaining graduations. The lines of the group i?^ vary

in width between 0.6
jx
and 5

/x. They are therefore well adapted to

furnish the data required in order to determine the effect of the size

of the lines upon the error of focus under the objective.

III. TTie Bronze Yard and Meter, designated R^.

The material of this standard is an alloy known as Bailey's metal.

It consists of 16 parts of copper, 2|^ parts of tin, and 1 part of zinc.

It is identical in composition with the Imperial Yard, and differs

from it only in having the graduations upon platinum-iridium plugs,

which have their polished surfaces in the plane of one surface of the

bar when it is supported at its neutral points, instead of having them

upon plugs of gold situated at the bottom of wells sunk to the plane of

the neutral axis.

This standard forms the basis of the units which the writer under-

took to obtain for Messrs. Pratt and Whitney, of Hartford, Connecti-

cut, and upon which their system of gauges depends.

Both the yard and the meter are nearly standard at 62° Fahr.

The defining lines of the meter were obtained by transfer from the

Tresca meter. The defining lines of the yard were obtained indirectly

from the Imperial Yard, in the following manner.

Early in 1880, Mr. Chaney, Warden of the Standards, did me the

great service to compare a yard traced upon the surface of a steel bar

with the Imperial Yard. According to the observations of Mr. Chaney,

the yard traced upon this bar was .000316 of an inch too short at 62°

Fahr. Unfortunately, this bar had been nickel-plated, and the gradu-

ations were traced upon the nickel surface. Subsequent investigations

revealed the fact that the expansion and contraction of this bar were
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very irregular, and that the normal action under a given change of

temperature could be obtained only by maintaining a constant temper-
ature for about twelve hours. Fortunately, a portion of the compari-

sons with the Imperial Yard were made under the required conditions,

at the nearly constant temperature of 57° Fahr. When it became

apparent that the transfer at 62° Fahr. from the steel bar to a bronze

bar identical in form and construction with R^ could not be made

vpith the required exactness, it was decided to make the required

transfers under conditions as nearly as possible the same as those

under which the comparisons had been made at London. After main-

taining the nearly constant temperature of 57° for about twenty-four

hours, this transfer was made to a bronze bar designated R^. After

applying the reduction from 57° to 62°, Professor J. E. Hilgard, now

Superintendent of the U. S. Coast Survey, having kindly offered to

compare this yard vrith the standard yard known as "Bronze 11,"

which bears a known relation to the Imperial Yard, bar i?Q was sent

to Washington for this comparison. According to the report of Pro-

fessor Hilgard, this yard was found to be 24 millionths of an inch

longer than " Bronze 11," or 64 millionths of an inch shorter than

the Imperial Yard, adopting the relation

" Bronze 11
"

-|- .000088 in. = Imperial Yard.

It was now possible to make the transfer from R^ to ^2 ^i^h but

little regard to the question of temperature, and with a known relation

to the Imperial Yard. This transfer was made, January 13, 1881.

The yard R.^^
is subdivided into feet, and the first foot is further

subdivided into inches. At one end a single line defines the limit

of botli the yard and the meter. The other defining line of the

meter extends beyond the corresiDonding defining line of the yard
3.37 inches. For convenience in measuring this space, the yard is

extended to 39 inches, with inch subdivisions. Subsequently the

system of graduations upon R^ were transferred to the brass surface

of this bar, being traced near the edge. This set of graduations is

designated R^.

IV. The Brass Yard and Meter designated O. S.

This standard was prepared by the U. S. Coast Survey many years

ago, and presented to the Stevens Institute at Hoboken, N. J. By
the kindness of President Morton I was permitted, in January, 1880,

to take this standard to London in order to obtain a comparison of
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the yard with the Imperial Yard. This comparison was made with

great care by Mr. Chaney, and, at his request, by the writer also. It

was then sent to Breteuil for comparison of the meter with the Inter-

national Meter. The bar was received from Paris, February 4, 1883.

According to the report of Dr. Fernet, this meter is 310 /a
shorter

than the Metre des Archives at 0° C. Inasmuch as the comparisons

with the prototype were made near 1°, 7°, and 12° Centigrade, with the

greatest exactness, the data are at hand for the determination of the

length of this metre at 16°.67 C, or 62° Fahr., but they have not yet

been received. It is, however, quite as well that the present investi-

gation should have been made independently, and without any knowl-

ediie of the results obtained at Breteuil.

The graduations are traced upon plugs of silver inserted at the

bottom of wells sunk to the line of the neutral axis. The defining

lines of the meter present sharply defined edges, but one of the

defining lines of the yard has a somewhat broken appearance, being

broader at some points than at others. Two lines about 3 mm. apart

are drawn at right angles to the defining lines. It appears, from

repeated examinations, that the defining lines, both for the meter and

the yard, are sensibly parallel. The comparisons made by the writer

have been made at points about midway between the horizontal lines.

V. The Glass Yards and Meters designated G^ and G^.

These bars were made by Chance and Sons in 1870, for the Stan-

dards Department, London. G^j was presented to the writer by Mr.

Chaney, under the authority of the Board of Trade, in 1880. G^ is

the property of the Standards Department. It was intrusted to the

writer for the purpose of graduation.

If one may judge from the character of the lines ruled with the

diamond, these bars are far from homogeneous throughout their whole

extent. With the same pressure upon the diamond, some of the lines

are slightly broader than others, and while nearly all of the lines are

of good quality, a few of them present a decided granular structure.

In the transfer of the graduations from one standard to another

having a different composition, I have found it advisable to first make

a provisional transfer, with an assumed relative coefficient of expan-

sion between the two bars, and with an assumed series of corrections

to the prototype on account of the horizontal curvature of the ways.

The bars are then placed upon the universal comparator, and the

relations between the prototype and the standard constructed from it
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are determined by a sufficient number of observations, at a wide range

of temperature. This operation generally requires two or three

weeks. With the corrections thus determined, a second series of

graduations are laid ofF, the lines beiug in the same field of the

microscope as the first ones. One can now proceed nearly indepen-

dently of temperature, by comparison with the first set of graduations.

Even when the correct length is obtained, it is often found necessary

to make a third, and even a fourth set, in order to reduce the errors of

the subdivisions to sufficiently narrow limits. According to my pres-

ent arrangement, after a transfer has been made, all the subdivisions,

both of the meter and the yard, can be made without disturbing the

position of the two bars. But with the utmost care I have not found

it possible to make the subdivisions exactly equal. In fact, one must

be content to admit errors of small magnitude as long as the conditions

of transfer vary in the slightest degree from the conditions under

which the required corrections were obtained. The corrections due to

curvature give great trouble, and require the most careful determina-

tion. With the universal comparator, this difficulty is obviated ; but

on account of the better illumination obtained in the comparing-room

at the Observatory, all transfers have thus far been made upon the

comparator first constructed.

The provisional set of graduations upon G^ and G., were laid off" from

i?i"=, on January 7, 1883. They consist of bands of three lines,

separated by an interval of 50 /x. They are designated G^"""' and

The relations between E^, G^, and G^ were then determined from

observations extending from January 8 to January 17.

In July of the present year, (?,
and G.^

were placed upon the com-

parator for the transfer of the graduations G^g"' ^^ ^v gi^'ing » set of

graduations designated (?j^'=^«.
After the comparison of the latter

with G"-, and with the series of corrections thus obtained, the bars

were placed in reversed positions, and lines G^
' were made the basis

of a new transfer to G,^, giving G^ '".

Graduations GJ'' having been compared with each other and with

G^^, the following sets were laid off, viz. :
—

C/"^ with lines one half the width of G^/'".

G^'^ with lines having about the same width as G^ '".

Gf^ with exceedingly fine lines.

The distance between the lines in the final sets both of G^j
and G^

is 50 [I.
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VI. The Whitworth Steel Yard, designated W.

This yard is an end-measure standard. Tt was purchased of Sir

Joseph Whitworth & Co., in 1880, at the cost of about $70. No
statement of the correction required for the length of the yard at 62°

accompanied it. One may infer, therefore, that it was considered

standard at that temperature. The terminal surfaces which define the

yard are one half-inch in diameter. All the observatious which have

been made indicate that these surfaces are exactly parallel. The steel

has been tempered at each end, the temper extending about one inch.

This bar has been included in the present list of prototyjies on

account of the relation which it may be supposed to bear to the

system of gauges universally adopted in Great Britain. The original

from which the Whitworth steel standards were constructed seems to

have been a bronze bar made by Troughton and Sims at the same time

the national standards were made by these distinguished mechanicians.

It does not appear that this yard was included among those compared

by Sheepshanks. Probably, however, its relation to them was deter-

mined by Mr. Sims. I have been unable to find any record of a

direct comparison with the Imperial Yard, but without question the

correspondence must be very close. The transfer of this yard to steel

involves many considerations which do not enter into a comparison of

standards having the same composition as the Imperial Yard. The

great service which Whitworth has rendered to the science of metrol-

ogy would lead us to expect that the steel yard which is the result of

his researches truly represents the bronze yard when converted into

its equivalent upon steel at 62°. Nor is this expectation disappointed.

A certain allowance must always be made for the different conditions

under which independent investigations are made. It will not do to

say that the error is all on one side. But admitting that the Whit-

worth steel standard really differs from the steel standard yard R^ by
the amount indicated by this discussion, it yet remains true that this

difference will disappear from the exact subdivisions of the yard with

the units which are required in exact mechanical operations, viz. the

inch and its multiples.

The important data with respect to the prototypes described above

are presented in the following table.
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DIMENSIONS.

Bar.
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(/) 1. Report of Professor Hilgard upon the comparison of R.^* with

''Bronze 11," made by Assistant Edwin Smith.

2. Comparison of R,^^ with "Bronze 11," at Washington, with

Comparator No. 1.

3. Comparison of T""" with Meter " No. 49," at Washington.

(^f) Preliminary comparisons of standards at Cambridge with Com-

parator No. 1, and with the Universal Comparator.

(Ji) Investigation of coefficients of expansion.

{%) Final comparisons of prototype standards.

(y) Probable error of observations.

(Jc) Tabular values of errors of subdivision.

(l) Investigation of the equation between the Imperial Yard and the

Metre des Archives.

Comparator No. 1.

This comparator is of the most simple form. It consists of a bed-

plate 60 inches in length, 14 inches in breadth, and is ribbed to the

depth of 2 1 inches. V-shaped ways extend the entire length. A
carriage 8X6 inches is carried along these ways, either by hand move-

ment or by a rack and free pinion. The rack, which is placed midway
between the ways, extends the whole length of the bed-plate, and the

shaft which carries the pinion is placed at the centre of the carriage.

On each side of the centre, two independent platforms are mounted

with vertical adjustments, to which the microscopes are attached.

There is, besides, sufficient room at one end of the carriage for the

tracing apparatus, which may thus be made to maintain a fixed relation

to either microscope.

Gibbed grooves extend the whole length of the bed-plate, to which

are fitted two stop-plates, 4x5 inches, which can be clamped firmly

to the bed at any point. Oval-shaped tempered steel stops are in-

serted in the end foces of these plates, and corresponding flat surfaces

of steel are inserted at each end of the microscope carriage.

The flexure of the bed-plate is taken up by means of two screws,

which are attached to an independent plate beneath and near the

middle point.

The V-shaped ways have a decided horizontal curvature, which

gave great trouble until the form of the curve had been investigated.

Several independent mvestigations of the effect of this curvature have

been made, both for the yard and the meter, with the following

results.
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defined by the motiou of the microscope along the ways upon which

it rests.

(3.) Me^lianism for the adjustment of the bars under the micro-

scopes in the shortest possible time, by a combined quick and slow

motion, which should not require any disturbance of the standards

after tlu'y are placed in position upon their neutral points of support.

The three quick and slow movements required are :

(a.) A motion of translation, longitudinally.

(b.) A motion at right angles to the motion of translation.

(c.) A vertical motion.

(4.) Mechanism which will allow comparisons of line-measures

by as many independent methods as possible.

(5.) Mechanism for the convenient comparison of line-measures

with end-measures.

(6.) Mechanism which will allow an easy comparison of the

subdivisions of any unit, without regard to their magnitude.

Figures 2 and 3 present perspective views of the apparatus, and

show the general relations of all the parts to each other. The plan

of the comparator is shown in Fig. 4. The front elevation is shown

in Fig. 1, in which the part above the line A B is lifted, in order that

it may be seen clear of the tables. The form of the micrometer of

the microscope is shown in Fig. 6. The general form of the micro-

scope carriage, with microscope in position, is shown in Fig. 7. An
end view of the carriage G is shown in Fig. 5.

The first condition named is fulfilled by mounting the bed-plate

L L, Fig. 1, upon brick piers having granite cap-stones. The bed-

plate of the carriage G, which supports the tables S, rests upon inde-

pendent piers. Both of these sets of piers are disconnected from

the floor of the comparing-room.
The second condition is fulfilled by the use of the hollow steel

cylinders X. The microscope plate, K, moves freely upon these

cylindrical ways. It can also be moved by a rack and free pinion.

The rack is behind the cylinder X, but the head, R, of the pinion is

shown. The flexure of the cylinders is taken up by the levers P, T,

which are not shown in their proper position. They should be nearer

the centre. The required pressure is supplied by weights attached to

cords fastened to the ends of the lever P.

It is due to the excellent workmanship of the Pratt and Whitney

Company that these ways have no appreciable horizontal curvature,

while the very slight deflection due to flexure is readily taken up by
the flexure levers. An experience of nearly two years has shown that
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the reference plane described by the movement of the microscope

carriage is nearly invariable.

The third requirement is met by the following arrangement.

The standards to be compared are placed upon the table S^ Fig. 1.

The whole framework to which this table is attached can be raised

or lowered by the hand-wheel C. It can also be moved forward and

backward, upon the ways shown in Figs. 3 and 4, by means of

bevelled gears driven by the hand-wheels beneath the bed-plate.

These coarse movements are designed to facilitate placing the stan-

dards to be measured approximately in the proper position in relation

to the microscopes M, M^.

The carriage S is moved rapidly upon the V-shaped ways at the

upper surface of E, by a rack and free pinion movement. The rack

is shown at the left of the figure, while the handle of the pinion is

shown at D.

The standards having been placed in such a position upon the table

S that the defining lines at one end shall be nearly over the fulcrum

below S^ the coarse motion in a direction at right angles to the motion

of the carriage S is obtained by the gibbed slides, S^

The slow movement of the carriage is obtained as follows :—
(1.) In translation, by the lever whose handle is shown at S^.

(2.) At right angles to the motion of translation, by the lever S^

(3.) Vertically, by means of the screw S^ shown in the left-hand car-

riage.

In practice it is found that these levers give a more delicate adjust-

ment than can be obtained with a screw movement, and quite as good
as can be obtained with the micrometer screw of the microscope.

It will be observed that the position of the standards with reference

to "the table S is not disturbed by any of these adjustments. The

time required in order to bring the terminal lines of a yard or meter

into proper position, adjustment, and focus under the microscopes,

is about forty seconds.

Under the fourth requirement the following methods of comparison

are described.

(a.) Comparison hy means of two Fixed Microscopes.

The method of procedure will be illustrated by a description in

detail of the comparison of the standards of which the results are

given on the following pages. The following are the various steps of

the operation :
—
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(1.) AflJHstment of the standards T, C. S., R^, and R,, upon sup-

ports at their neutral points, upon the table S^ The defining lines at

one end were placed nearly over the fulcrum at the left end of the

carriage. T, having the least mass, is placed in front.

(2.) Permanent adjustment of the microscope plate I at a con-

venient distance from the end of the frame L.

(3.) Rapid movement of the carriage S by the handle D, until the

right defining line of the meter T is, brought nearly under the micro-

scope M^

(4.) Movement of the plate K by the hand-wheel R, until the de-

fining lines at the opposite end of T'are brought into the field of the

microscope M.

(5.) Adjustment of the left-hand defining line under the micrometer

of the microscope M, by the horizontal movement of the slide S^ and

by the vertical movement S^, and finally by the movement of transla-

tion through the lever S^. The first two of these movements are

made with sufficient exactness by the coarse adjustment. The defining

line of the standard liavinw been brought into coincidence with the

fixed line of the micrometer of M by the fine adjustment S^ no fur-

ther change is made in the positions of K and I.

(6.) The adjustment of the right defining line by the motion of

the micrometer of M\ by the lever S^ and by the vertical screw S^.

These adjustments will disturb the adjustment xinder M only in a

slight degree. Usually, however, a second series of adjustments is

necessary.

(7). The length of T' having thus been transferred to the micro-

scopes M, M\ the standard C. S. is then brought into position by the

slides S^ and the adjustments described above are repeated. The left

defining line being coincident with the fixed wire of M, the difference

in the length of the two standards is measured by means of the

micrometer of M^ An increasing reading of the micrometer-head

corresponds to an increase of length.

(8.) Comparison of the meters R^ and R., in a similar manner.

(9.) Adjustment of the defining line of the yard of C. S. under M^
by a rapid movement of the carriage S through the hand-lever D.

(10.) Movement of the plate K till the left defining line of the

yard falls under the microscope M.

(11.) Repetition of the various adjustments and measures described

above.

The average time required to make these adjustments, and to take

four readings of M^ for the defining lines T^', T''\ for each edge of
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C. S., for Hy^^ R^ ^ and R^"^ of the m£ter, and the corresponding

defining lines of the yard, is nineteen minutes. The average time of

a single comparison of two units is therefore somewhat less than two
minutes.

{!).) Comparison by means of two Microscopes attached to the same

Movable Carriage.

The steps are as follows :
—

(1.) The standards are placed in position upon the table S, one

near the middle, and the other at a given distance in front of it.

(2.) The microscope K occupying a position near the middle of the

comparator, the defining line at the left end of the bar is brought into

focus of the microscope M by the screw M^ Fig. 7. The carriage is

then moved by the handle D till the defining line at the right end
of either one of the standards is in the field of the same micro-

scope. The adjustment for parallelism with the cylindrical ways is

now made with the lever S*"' and for focus with the screw S''.

(3.) Both microscopes are now placed upon the plate K. By
means of the adjustments shown in Fig. 7, microscope M is adjusted

upon the left-hand defining line of one bar, and M^ is adjusted upon
the corresponding defining line of the bar in front of it.

(4.) By a motion in translation through D, the right defining line

of the first bar is brought into the field of M, and adjusted for coinci-

dence with the fixed micrometer wire by the lever S''.

(5.) The difi'erence in the length of the bars is then measured with

the micrometer of Mj.

(G.) The bar in front is now placed at an equal distance back of

the first bar, and the operation described above is repeated.

(7.) The mean of the two results will be the diflTerence in the

length of the standards, free from the effect of the curvature of the

ways along which the carriage moves. The same result will be

obtained if the microscope carriage is moved along the cylindrical

ways, the bars remaining stationary during each independent opera-

tion
; but the curvature eliminated will in this case be that which

belongs to the cylindrical ways.

(c.) Comparison by means of Stops and one Microscope.

The stops H H^ move freely upon the cylinders X X, but they are

capable of being clamped to them with great firmness by the levers

shown near L. At one end they terminate in an oval projection of

tempered steel, which is hidden behind the cylinder X, in Fig. 1.
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It is nearly in line with the centre of gravity of K, which has a

corresponding flat surface of tempered steel at each end.

These stops receive a slow motion by means of a screw, which is

shown near the pillow blocks in Fig. 3.

(1.) The stops H H^ are set approximately, e. g. 1 meter apart plus

the length of K, and are securely clamped.

(2.) The plate K is brought into contact with the left-hand stop.

(3.) The standard to be compared is placed upon S, and the car-

riage is moved by the arm D till the left-hand defining line is adjusted

under M.

(4.) The plate K is then brought into contact with the right-hand

stop, and the other defining line is brought into position and into

focus under M by the adjustments already described.

(5.) These adjustments having been completed, K is brought into

contact, first with H, and then with H^, and the micrometer is read

for each contact.

(G.) These operations are rei^eated for each standard comi^ared.

Since each one has been compared with the invariable distance be-

tween the stops, the data are thereby furnished for the comparison
with each other. In practice, the standard with which other stan-

dards are to be compared is always compared first with the distance

between the stops, the record being written at the left of the page.
The following example will illustrate the form of record. R signi-

fies contact with the right sto}), and L with the left stop.

Bar T.
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(2.) The plates K and I are adjusted so that the defining lines of

the first standard to be compared shall fall under the microscopes M
and M^.

(3.) The stops H and H\ having been brought into contact with

the plates K and
I,

are securely clamped.

(4.) After the adjustments for position and for focus have been

made, successive contacts of the j^lates K and I are made with the

stops H and H^, and the microscopes M and M^ are read for each con-

tact. These operations having been repeated for each standard to be

compared, the values of (M^ — M) when reduced to a common unit

and compared inter se, will give the relations required.

It is the experience of the writer that the microscope carriage can

be brought into actual contact with the stops, by means of the rack

and pinion movement, with greater certainty than it is possible to

make a coincidence of the micrometer thread with the defining lines

of the standard. The following test has been frequently tried, and

always with the most conclusive results. With a quarter-inch ob-

jective, in which the value of one division of the micrometer screw is

only 0.11
/x,

a series of one hundred successive contacts with the stops

were made without disturbing the position of the micrometer thread.

The number of cases in which the deviation from the mean of the

first two or three readings of the micrometer was perceptible to the

eye were noted, and the amount of the deviation was estimated in

terms of the apparent width of the micrometer thread. One hundred

readings of the micrometer thread were then taken for coincidence

with the defining line of the standard, the plate K remaining station-

ary. A comjjarison of the results obtained in this way has always

been found to be in favor of the stop contacts. "With a little experi-

ence on the part of the observer, the stop method admits of the high-

est degree of precision. It is the experience of the writer, that one

hundred successive contacts may be made, in which another observer

at the microscope will be unable to detect the slightest deviation from

cons;^ancy.

The stop method, also, has the great advantage over all other

methods, that it allows perfect freedom in the adjustment of the micro-

scope for focus, at any time during the comparisons. It is only

required that the stops shall remain fixed during the two or more

comjiarisons.

But in order to meet the objection which is sometimes urged against

the certainty of actual contact, an electro-magnetic attachment has

been added to the stops H and H^ by which the plates K and I are
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securely locked after the contact has been made by the rack and pin-

ion movement. By means of a screw, shown at the left of H, the

core of the magnet is adjusted at the proper distance with respect to

the armature shown at the left of K, after contact has been made be-

tween the stops. A battery is employed of sufficient force to move

the carriage K, when the magnet is one eighth inch distant from the

armature.

(e.) Comparison by means of tico Microscopes placed in a Horizontal

Position.

(1.) By means of two angle-plates, microscopes M and M^ are made

to occupy a position at right angles to the position shown in Fig. 1.

(2.) The standards to be compared are placed upon the table S,

supported at their neutral points, and with their graduated surfaces in

a vertical plane.

(3.) The comparisons are then made in the manner described

under (a).

By this arrangement, the apparatus becomes a vertical comparator.

The intersection of the transverse line with the defining lines being

in the plane of the neutral axis, the deflection will be inappreciable,

even if the bar is not supported at its neutral points. The first sug-

gestion of this form of apparatus is generally credited to Neuman,
and the first construction to Wilde, who has given a full description

of the vertical comparator, constructed under his supervision, in the

Repertorium fiir Experimental-Physik, Vol. XIII. p. 567. But a

comparator of this form, invented by Lane, had been in use for

several years previous to this time in the office of the U. S. Coast

Survey at Washington.

Under the fifth requirement the following methods are employed.
The frame of the stop V, Fig. 4, is securely fastened to the bed-plate

of the comparator. It has a vertical adjustment by means of gibbed

ways. The stop U is firmly attached to the plate K. This stop has

a vertical adjustment also ; but the line V U was made parallel with

the cylindrical ways by the makers.

For observations of this class, the plate N, Fig. 4, which carries

the microscope M i, occupies a position the reverse of that shown in

the cut.

The line bar to be compared is first placed upon the table at a

known distance outside of the line U V. The adjustments are then

made as follows :
—

VOL. XVIII. (X. 8. X.) 21
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(1.) The stops U V are set at the same height above the table.

(2.) The Hue bar is then adjusted so that the horizontal Hue is par-

allel with the cylindrical ways, and is at the same time in the focal

plane of the objective. The means of adjustment in three planes are

not shown in the figure, but they are the same as those already de-

scribed. The frame which carries the lever movements is fitted to the

bed-plate by the dowel pins 0.

(3.) The jilate K is moved upon the cylindrical ways till a contact

between U and V takes place. While the plate remaias in this posi-

tion, micrometer M' is read for coincidence with the defining line at

this end of the bar.

(4.) The carriage having been moved to the other end, the end-

measure standard is placed in position between the stops U and V.

(5.) After firm contacts have been made between the stops and the

defining surfaces of the eud-measure standard, through the hand-wheel

R of the rack and pinion, microscope M^ is read for coincidence with

the defining line at that end of the bar. The difference in the two

readings will be the difference in the length of the two standards, pro-

vided the cylinders have no horizontal curvature.

(6.) In order to eliminate the effect of horizontal cnrvatnre, the

comparison is again made with the line bar, placed at the same dis-

tance inside of the line U V.

Good results have been obtained by this method, bnt it is of course

open to two objections ; first, that since the bar must be moved in

order to secure contact at V, the pressure at the two ends is unequal ;

and second, that the force required to make the contacts secure, may

pi'oduce indentations in the defining surfaces of the standard bar. It

will be seen from the series of observations with the end-measure

standard in melting ice, detailed on pp. 345-359, that the second ob-

jection will not hold if the steel is properly tempered. The diffi-

culty, if it exists, is easily remedied by the use of protecting pieces

having parallel surfaces. The first objection is a more serious one.

It is certainly open to criticism in a theoretical view, but the results

shown on page 350 seem to indicate that this objection is not a serious

one in actual practice.

A second method of comj^aring line with end measures will need to

be described without the aid of a drawing. The apparatas is attached

to table S, Fig. 1.

Three requirements most be met in the successful comparison of

line-measure with end-measure standards :
—

(1.) The position of the end-measure standard must not be disturbed

during the comparison.
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(2.) If only one microscope is used, either the movement of the

microscope along the horizontal defining line must be in the line of

the stops, or there must be a convenient way of placing the line stan-

dard at an equal and constant distance on either side of tlie line of the

stops, without the necessity of adjustment for i^arallelism and for

focus. If two microscopes are used, means of adjustment in three

planes become necessary.

(3.) The pressure of the stops at each end must be equal and

constant.

These three conditions are met in the following arrangement.

Upon a table attached to S, Fig. 1, two slides move freely upon cylin-

drical ways of rather small diameter, but they can be firmly secured to

the cylinder at any point by clamps. A second slide is mounted upon
each of these plates, which has a movement of about four inches upon
a cylinder and a flat way. The parallelism of these upper plates with

the plane described by the carriage K, is secured by an adjustable ver-

tical piece which passes through the jjlate near one edge and rests

upon the plane way, which has also a vertical adjustment. There are

two of these plane ways, placed equidistant from the cylindrical way
on either side. The carriage can therefore be reversed by simply

lifting it from its semicircular bearings. These upper slides terminate

with tempered steel stojjs, which were set by the maker in a line with

each other, and in the vertical plane which passes through the axis of

the cylinder. The forward motion is given by means of an adjustable

spiral spring, while a lever and stop control the backward motion.

An adjustable graduated bar is firmly attached to each of these

plates, which has its upper surface nearly in a line with the stops.

With this arrangement of stops it is possible to compare line with

end measures by the aid of either one, two, or three microscopes.

The method by two microscopes has decided advantages over any
other tried by the writer. The explanation, therefore, will be limited

to this method.

(1.) The two double-slide plates are placed in such a position upon
the main cylindrical ways that the distance between the spring-stops

is e. g. about one meter.

(2.) The end meter, supported at its neutral points, is placed be-

tween the stops, and an equal pressure upon each end is given by
means of the adjustable springs.

(3.) Plate K is then placed nearly opposite one end of the meter,

and plate I nearly opposite the other end.

The micrometer line of M-*^ must now be i>laced exactly in the verti-
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cal plane with the contacts of the stops at one end, and the micrometer

line of M must be placed in the same vertical plane with the contacts

of the stops at the other end. This is accomplished in the following

manner. The stop-plate is thrown back by means of the controlling

lever, and a rectangular block of metal is placed between the stop and

the defining surface of the bar. This block has two of its faces exactly

parallel and one inch apart. The upper surface is supposed to be in

the same plane as the upper surface of the short graduated reference-

bar attached to the stop-plates. The ujDper surface has a slight pro-

jection at each end, which allows defining lines one inch apart. This

surface is bisected approximately by a horizontal and a perpendicular

defining line, and a perpendicular line is drawn at each end exactly

half an inch from the line at the middle point.

The first step is to set the micrometer M^ for coincidence at the in-

tersection of the cross lines upon the plate. The block is then turned

180° and a second reading of M-^ is taken. One half of the difference

between the two readings will measure the distance of the defining line

on the block from the middle point between two stops when contacts

are made with the end surfaces. If the plate K is moved forward a

distance equal to

the micrometer line of the microscope will be in the perpendicular

plane which passes through the point of contact formed when the two

stops are brought together by the removal of the block.

In the same manner the reference line of micrometer M is brought

into coincidence with the plane passing through the point of contact of

the stops at the other end. The distance between the micrometer lines

of the two microscopes is now equal to the length of the end-measure

standard.

(4.) The line-measure standard to be compared is now placed upon

the table S, and the distance between the defining lines of the meter

is compared with the distance indicated by a constant plus the read-

ings of the microscope micrometers. The adjustments required are the

same as those described under division («), page 302.

The comparison of short-end measure gauges can be expeditiously

made by means of the graduated reference-bar attached to the stop-

plate. For this purpose the two lower slides are brought near enough

together to allow the stops of the upper plates to be brought into con-

tact. Both slides are then securely fastened to the cylindi-ical ways

upon which they rest, and one of the stop-slides is securely clamped
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also. After contact has been made between the free and the fixed

stops, the micrometer line of the microscope is brought into coinci-

dence with the defining line at one end of the bar attached to the free

stop-plate. The end gauge is then placed between the stops, the free

slide being moved back the required distance in order to allow the in-

sertion. During this operation the microscope remains undisturbed,

and the graduated bar passes under it without disturbance of the focal

plane. The difference in the readings, therefore, for the two positions

of the free stop-plate, i. e. before and after the insertion of the end

gauge, measures its deviation in length from the line standard. If

three microscopes are mounted upon plate K, and one of the stop-

plates is attached to the front face of the carriage in such a manner

that the two stops are parallel with the cylindrical ways, the method

of compari.'^on already described is applicable, and conditions (1) and

(2) are both fulfilled.

The sixth condition is met in two ways.

(1.) By the use of the two stops, H, H^ Fig. 4.

The stops are first set approximately at the distance apart indicated

by the subdivisions to be compared. The method of comparing each

space with the constant distance between the stops is tlie same in every

respect as that described already. The following example is given in

illustration.

COMPARISON OF INCH SUBDIVISIONS OF (?/=.

{R— i) m»i!ts Constant. 2
—2.7cliv. =—1.4;n —lAfj.
-(-2.2 div. = +11 II —0.3

iJL

—l.Odiv. = —0.5;u —0.8/1

-i-0.5 div. = +0.3 IX —0.5 ^
-f-2.6div. = +1.3;u +0.8 /t

—1.7 div. = —0.8 IX +0.0 IX

In this comparison the distance between the stops was 6.1 div. less

than the average value for one inch. When this constant is subtracted

from the separate values of ^ — Z, the residuals represent the relative

values of the separate subdivisions. With the microscope of Com-

parator No. 1 a positive residual indicates that the measured space is

too short. In this case the first space is 1.4
/x relatively too long, and

the second 1.1 /a relatively too short. In order to obtain the error of

any line reckoned from the first line, we must sum the residuals alge-

braically. Here the first five inches are 0.8 ya too short.

Space.
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(2.) By the use of two microscopes.

It will be seen in Fig. 1 that there are two carriages, S and S^
which traverse independent ways. S^ is supposed to be in front of S.

Two arms are attached to the upper surface of table S-^ (not shown in

the figure), which project about half-way over the surface of S, allow-

ing a sliirht clearance between the two surfaces. The standard whose

subdivisions are to be compared is placed upon the table S, and a bar

having upon its surHice a graduated space, X, approximately equal to

one of the subdivisions of the first bar, is placed upon the projecting

arms attached to S^. Both microscopes are now secured to the car-

riage K. M^ is adjusted for coincidence with the initial line of the

standard, which is placed upon S, and M is adjusted for coincidence

with the corresponding line upon the other bar. The carriage K is

moved toward the left, and a second coincidence of M is made with

the other defining line. A comparison of the two readings of M^ for

the two positions of M will give the relation between the two spaces

compared. M^ is then adjusted for coincidence with the second line,

and the carriage S^ is carried back by the rack and pinion D till the

first line is again under M. The second subdivision can now be com-

pared with the same constant space, X, as before. It is obvious that,

by the proper disposition of the two bars with respect to M and M\
subdivisions of any magnitude whatever can be compared. It is to be

noted, however, that the results obtained in this way are subject to

errors due to the horizontal curvature of the cylindrical ways.

(3.) For long distances, and for any distance exceeding one decime-

ter, more i-eliable results can be obtained by the use of two micro-

scopes in a fixed position. The various adjustments required in order

to bring tlie defining lines of any subdivision into coincidence with M
and M^ have already been described.

Description of Comparixg-Rooms.

The comparator first described is mounted upon isolated brick piers

in the cellar of the Observatory. Through the liberality of the Di-

rector of the Observatory a small room in the shape of a trapezium

was partitioned off for this purpose. This comparator was at first

mounted upon stone piers mounted upon the clock pier in the prime-

vertical room of the Observatory. But notwithstanding the great size

and stability of this pier, it was found impossible to make comparisons

except very early in the morning before the disturbance from passing

teams began. This pier rests upon a layer of blue clay having a large
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inclination to the horizon. Beneath there is a layer of sand. The

tremors communicated to the clock pier through this combination were

found to be surprisingly great. The tremors produced by ice-carts at

the distance of 1,000 feet rendered it impossible to make exact com-

parisons. The heavy steps of an assistant could be counted to the

distance of 100 feet, by noticing the effect of the concussion upon the

pier, which was in turn communicated to the surface of the bar ex-

amined under the microscope.

Heat is communicated to this comparing-room from the furnace in

the cellar by a pipe which enters the room near the ceiling and nearly

over the comparator. Under certain circumstances the temperature

in this room may be kept under very good control, but great care has

been found necessary in this regard. The comparator is directly in

the line of the windows. By opening both windows during the night,

the temperature within the room is found to be reduced nearly to the

temperature of the outside air. By making the observations with this

comparator on cloudy days and early in the morning, much better re-

sults have been obtained than were expected.

By the liberality of the President of Harvard College, comparing-

room No. 2 was fitted for the reception of the Universal Comparator.

It is situated in the basement of Harvard Hall. The dimensions of

the room are 12 feet in length, 9 feet in width, and 8 feet in height.

The brick walls which surround the room are twelve inches in thick-

ness. The brick piers upon which the comparator rests extend to a

depth of eight feet. The walls, the ceiling, and the floor are all double-

planked, with two intervening air spaces. Between the inner and the

outer partition there is a layer of rosin-soaked paper. The room has

double windows and double doors. The steadiness of the tempera-

ture within the room may be inferred from the record on pp. 366-371.

Durino; the summer of 1882 the extreme change of the Fahrenheit

thermometer for eicjht weeks was 1°.3. During the same time the

daily variation in the temperature of the outside air often amounted

to 25°.

Between April 14 and June 1, 1883, the extreme range was 0°.75 C.

On June 3 the temperature of the room was raised by artificial means.

By June 5 the temperature had reached the stationary point, viz.

17°.07 C, and between this date and June 28 the rise was only 0°.96.

On July 6, the reading of 1^61 was only 18°. 48, notwithstanding the

average temperature of 31° for the two preceding days. On July 7,

the room was exposed to the open air.

An attempt has been made to produce desired variations of temper-
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ature by the following arrangement, which has been found to be mod-

erately successful. Sheets of galvanized iron three feet in width, after

having been fastened at the edges by soldering, and riveted together at

intervals of twelve inches, were fastened to the inner walls of the room

in such a manner that there is a gradual decline in their height above

the floor. They are connected together by rubber tubing. In the

opposite room a tank is arranged for either hot or cold water, which is

connected with the reservoir at the highest point. At the lowest point

there is an outlet through the walls of the room. Either hot or cold

water entering this reservoir of narrow section slowly percolates through
the enclosed space, and flows off through the outlet, maintaining a nearly

constant supply of either hot or cold air within the room. The reser-

voir holds about five gallons, and the amount of surface exposed on one

side is about 100 square feet.

This comparing-room has one fault in construction which has given
considerable trouble, and which it has been found impossible to remedy

entirely. In order to be able to raise the comparator as high as the

window, it was found necessary to give the piers a height of four feet.

The head of the observer is therefore very near the ceiling. This dif-

ficulty has been partly remedied by a large trap-door in the ceiling,

which allows the heat developed by the presence of the observer to

enter the space between the partitions.

Description of the Thermometers employed in the

Comparisons.

Throughout the entire series of observations the Yale College stan-

dard has been adopted. In the earlier part of the work a Fahrenheit

thermometer graduated to fifths of deiirees was used. It is desiirnated

0. It was purchased of a dealer in New York at a low price, but it

was found to be an exceptionally fine instrument. Its error was de-

termined by Dr. Waldo, by comparison with the Yale standard. It

was afterwards carefully compared with Cassella No. 3235, which had

been rigorously compared with the air thermometer of Professor Row-

land by Mr. S. W. Holraan of the Massachusetts Institute of Tech-

nology. The independent comparisons of Dr. Waldo and of Mr. Hol-

man agree in giving the same tenth of a degree for every point

compared. The corrections adopted are given below.
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posing the temperature of the standard has not been greater than

25° C.= 77° F. during the preceding six months. The boiling point

is determined from the temperature of the steam of pure water at a

barometric pressure of 760 mm. = 29.922 in. (reduced to 0° C.) at

the level of the sea and in the latitude of 45°, This standard coincides

with the perfect gas thermometer within 0°.l F. for temperatures be-

tween zero and 212° F.

'LEONARD WALDO,
Astronomer in Charge.

" New Haven, Conn., March-October, 1882.

Yale Observatory Standard No. 61. — O. T. S., Observer.

Reading of
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"
4. The fourth column gives the reading of the zero point when the

standard is inclined 90°.

" 5. The fifth column gives the correction depending on the interior

figure of the standard column."

It will be noticed that the report of Dr. "Waldo gives only the cor-

rections of F61 between the limits 0° and 100°. In the reduction of

the observations at temperatures below 0° for the determination of the

absolute coefficients of expansion of the bars under consideration, I

found a constant tendency to a positive correction, on the supposition
that the coefficient was constant. For example, instead of finding the

constant difference between bars 7^ and S in meltiuij ice to be 75.1

div., as determined from the equations of condition on the following

pages, I found continually diminishing values, until for T= —11°

the value was 52.6 div. In the case of bar C. S. a similar result was

found. The coefficients were now assumed to be a constant, and the

corrections to the thermometer required to make all the values of

S— T and S — C. S. below 0° agree with the values derived from

observations above 0° were computed, with the following results.

Corrections to YGl.

T61
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may be as great as 100 feet. It is only necessary that the plane face

of the prism shall be directed towards the source of light. In order

to get the best results, the power of the objective should be as great as

the equivalent of au inch lens. But if an objective of great working
distance is required, a large prism may be mounted in front of the lens.

The writer has made use of this method of illumination for the micro-

scopes of the Harvard College Meridian Circle with good success.

The focal length of these objectives is four inches.

The following are the results of the various determinations of the

values of the micrometer screws.

Comparator No. 1, Microscope A, UniTersal Comparator, Microscope A,
1 inch objective. 1 inch objective.

0.441

0.441

0.442

0.440

1880, Apr. 25
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ature of C2°, the times required for them to reach theu' normal length
will be about as follows :

—
T requires from 15 to 20 minutes.

C S. requires from 30 to 40 minutes.

i?j requires about 2 hours.

i?2 and G require about 4 hours.

Conversely, the times within which an increase of temperature amount-

iug to one degree, a& indicated by the thermometer, will be inappreciable

in the com^Darisons, are about as follows :
—

T
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usually about 0°.4 C, will have become absorbed in the general tem-

perature of the room, and the several bars will have reached a state of

rest as far as this special increase is concerned.

We are now prepared to enter upon an examination of the standard

prototypes described in this paper. The various comparidons will be

given nearly in the order in which they were made.

Comparison of Yard R^"" with "Bronze 11" at Washington.

Professor Hilgard having kindly consented to undertake the com-

parison of the bronze yard R^^ with "Bronze 11," Assistant Edwin

Smith was assigned to this work. The observations by Mr. Smith

were made with the Lane vertical comparator. At his request, the

writer made independent micrometer readings, after all the adjustments

had been made, but there was a complete avoidance of any knowledge

of the results obtained.

The fidl text of Professor Hilgard's report will be found in the

report by the writer to the Pratt and Whitney Company, relative to the

standards constructed for them ; but the portion relating to R.^ is given

here.

Date.
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I am indebted to the courtesy of Professor Hilgard for the oppor-

tunity of comparing R.^ with "Bronze 11" upon Comparator No. 1,

which was sent to Wasliington for this jDurpose. Since subsequent

comparisons were to be made with this comj^arator, it seemed impor-
tant that the relations between these standards should be determined

under the same conditions as those under which future investigations

would be made.

For this work I was assigned to a room in the basement of the

building, in which a pretty steady high temperature could be main-

tained. Afterwards the comparator was removed to a small observa-

tory building in the rear, which was admirably adapted for the [tur-

pose. Here a nearly constant low temperature was maintained for

three days. The comparator was then mounted again in its former

location, and further observations were made at a nearly constant

temperature, which had now become reduced to about 62°.

The following are the results of the comparisons.

Date.

1881

Feb. 1 A.M.
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The following equations of condition were obtained.

Date.
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Reducing the value h = 1.23 /a
to its equivalent for one degree

Centigrade, we have the following values for the absolute coefficient

of 7^: —
From comparison with Fbrster, 16.48

|m.

« «
Pierce, 16.60//.

« «
Pierce, 16.62

/i.

It will be seen that these values are somewhat larger than the value

derived from the observations which follow ; but it can hardly be ex-

pected that the correct relation between T and " 49 "
could be obtained

from the limited number of observations here given.

Comparison of the Froment End-Meter F^ with T^^

WITH Comparator No. 1.

Date.
1880.
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Comparison of the Tresca Meter T^'^ with the Line-Meter

1881.

F, with Comparator No. 1.

TH—Fe

Apr.
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Date.
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It will be seen that the vahie of b derived from these equations is

nearly identical with the final value adopted from the subsequent

observations, that value being
—0.57

|U. Combining the value of

7^"2 — ji^„ ^^.ji^jj j.]jg value derived from the observations with Com-

parator No. 1, we have

r. - Rt- = ^^^'^^t'"'"'^
= 166.1

,,.

The value derived from the observations which follow is 1G5.5
|m.

Determination of Absolute Coefficients of Expansion.

The earlier experiments made by the writer in the determination of

the absolute coefficients of expansion of the bars under consideration

were very unsatisfactory. At first, the attempt was made to determine

the coefficient of one end-measure bar by subjecting it to wide ranges

of temperature when submerged in water, and thence to determine the

relative coefficients between it and the remaining bars whose coefficients

were desired. This attempt was only moderately successful. While

it was possible to obtain nearly a constant value for the coefficient of

this bar by different combinations of the results on the same day, the

deviation of the values for different days was considerably greater than

should have been found. The chief difficulty consisted in the impossi-

bility of keeping the entire mass of the water at the same temperature.

No amount of agitation seemed to accomplish this.

A second method gave rather better results. It was found that an

end-measure bar placed in the clock-room of the Observatory remained

at a nearly constant temperatue, the change during twenty-four hours

rarely exceeding a few tenths of a degree. It was also found to be

possible to place this bar upon Comparator No. 1, and to make a com-

parison with any line-measure bar in a little less than one minute.

Durinof this time the chanse in the ]en<i;th of the bar was found not to

exceed two or three divisions of the micrometer, even when the differ-

ence in temperature was as great as 20° Fahr. The plan of observa-

tion was as follows. The line bar was adjusted for position upon the

comparator, and the reading of the microscope for the contact of the

stops and the coincidence with the defining line at one end was made

under favorable conditions for a steady temperature. The reading of

the thermometer was also recorded. The end-measure bar was then

brought into the room, placed in position between the stops, and the

microscope carriage was set for contact between the stops and the end

of the bar. From this point the remaining part of the observation

could be made leisurely for any temperature lower than that of the
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clock-room, since the relation of tlie microscope to the line bar would

not be affected by a contraction in the length of the bar. Several

pointings for coincidence with the other defining line of the meter were

then made, after which the end-measure bar was returned to its former

position. An interval of several hours was always allowed to elapse
before a second comparison was made.

In the reduction of the observations, allowance was made both for

the small deviation from a constant temperature in the end-measure

bar, and also for the inferred rate of change between the time the bar

was brought into the comparing-room and the time the observation for

contact was made. Usually two or three contacts were made at inter-

vals of thirty seconds, in order to obtain the observed rate of change.

Many observations of this kind were made, during the year 1881, for

temperatures in the comparing-room ranging between 30° and 70°.

The following values of the absolute coefficients were obtained. On
account of the obvious imperfection of the method, it does not seem

worth while to print the details of the work. It will be seen, however,
that these values do not differ widely from those found from the method

which will be presently described.

Absolute Coefficients.

For T', lG.58/<. For i?„ 10.03
jw. For ^,, 17.55

^u.

The experience acquired in the observations thus far made was

wholly in favor of the plan of deriving the coefficient of expansion of

a line-bar for air contact, by comparison with an end-bar at a constant

temperature. In no other way could an accurate comparison be so

quickly made. But it is essential to the success of this method that

the end-measure bar shall remain at a constant temperature during the

entire series of comparisons with the line-standard at wide ranges of

temperature. Only a few ooservations were needed to show that the

end bar could be kept at an invariable temperature by keeping it con-

stantly submerged in melting ice. It was found necessary to take only
two precautions: first, that the bar should have a covering of ice about

two inches in depth ; and second, that the ice-trough should not remain

in a high temperature for a longer time than about ten minutes. Ex-

periment showed that, if there was too little ice in the trough in which

the bar was submerged, the expansion beyond the normal length of 32°

might amount to as much as 8
/x. It was also found that, if the ice-

trough remained in the comparing-room at a high temperature for a

time exceeding ten or fifteen minutes, an expansion amounting to

about 5
IX was liable to occur, notwithstanding a vigorous stirring of

the ice.
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For the third series of observations the following preparations were

made. A steel bar was prepared G mm. shorter than one meter.

Steel plugs were inserted at each end, each having a projection of

3mm. The ends of the bar were then made as hard as possible, and

the plugs were ground off till the defining surfaces were one meter

apart. Careful and repeated observations showed that these end sur-

faces were truly parallel. The bar was then mounted in a trough of

galvanized iron having a depth of 5 inches and a width of 5^ inches.

The trough was originally prepared for a yard, and, in the first series

of observations which follow, the bar, which is placed near the bot-

tom of the ti'ough, extends 4.5 cm. beyond each end. At the con-

clusion of the first series the trough was lengthened, and in the second

series the projection at each end was only 3 mm.

In planning the execution of this series of observations, there were

certain difficulties about the use of the Universal Comparator for this

purpose which could not be easily remedied; and it was found neces-

sary to make use of Comparator No. 1. Since it had been found that

the Tresca bar T was extremely sensitive to small changes of temper-

ature, and since it was possible to maintain a nearly constant temper-

ature in the comparing-room of the Observatory for short intervals of

time, it was arranged to determine the absolute coefficient of T by

comparison with the bar S in melting ice, and then to determine the

relative coefficients between T and the remaining standards from com-

parisons with the Universal Comparator.

Partly as an experiment, however, simultaneous observations for the

absolute coefficients of bars R.^ and C. S. were made. A study of the

tables which follow will show that the probable value of the results

obtained is nearly proportional to the mass of the bars.

The various steps of the observations are as follows.

The line bar having been placed in position and adjustment upon
the comparator during the afternoon, the comparing-room was closed

till the next morning. During this time the temperature in the room

generally became very steady. For low temperature observations,

both windows were left open during the night. About sunrise the

next morning the bar S, after having been submerged in melting ice

for at least twenty minutes, was removed from the room in the cellar

in which the pier of the Russian transit instrument is situated, and

placed between the stops of the comparator. The comparison with

the line-meters was then made in the manner already described. The

ice-trough was then immediately removed to the cellar, and allowed

to remain for a few minutes, Ayhen the operation just described was

repeated, provided always that a steady temperature was maintained



34^ PROCEEDINGS OF THE AMERICAN ACADEMY

meanwhile in the comparing-room. The high temperatures in the

comparing-room were produced partly by heat from the furnace, but a

steady supply of heat was furnished from a gas stove, which was

placed directly beneath the bed-plate of the comparator.

After the first series was completed, the trough was lengthened, and

some changes were made in the disposition of the bar S, by which its

apparent length was slightly changed. During the second series, the

position of the stops was not disturbed, and the adopted order of obser-

vations was strictly followed in every case. This series, therefore, may
be supposed to have greater weigiit than the tirst one. An attempt was

made tu make an equal number of observations for slightly increasing

and slightly decreasing temperatures, in order to eliminate to a certain

extent the difference between the temperature of the thermometer

and the temperature of the bar ; for it must always be understood that

the thermometer simply registers its own temperature and not neces-

sarily the temperature of the bar upon w^hich it is placed. This

arrangement was, however, only carried out to a certain extent.

There is one point in connection with these observations to which

particular attention is called. If the contact surlixces of the bar aS

become worn by continual use, it is evident that a constant error will

be introduced, which will need to be investigated before the observa-

tions for the coefHcients of expansion can be reduced. But it will

be seen from the observations which follow, that there is no con-

clusive evidence of such a change during the entire series. This

result is certainly contrary to my expectations, especially as the force

required to make the contacts secure is considerable. The trough

containing the bar S, when filled with melting ice, weighs about twenty-

five pounds, and this entire mass is required to be moved by the pres-

sure of the stop attached to the microscope carriage. I conclude,

therefore, that with ordinary care there is no danger of wear with steel

surfaces which have received a temper as high as possible.

But in order te provide against this supposed source of error, the

high and low temperature observations were made in close proximity.

After the observations for the absolute coefHcients of the bars T,

C. S., and E., were completed, these bars, with B^, were removed to

the comparing-room in Harvard Hall. The series of observations for

the relative coefficients between these bars extends from March 22 to

June 28, 1883, but the series from which the equations of condition

were formed terminated on June 7. A few subsequent observations

were made as a check upon the results obtained from the equations.

The observations and reductions, both for the absolute and the

relative coefficients, are given on the following pages.
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COMPARISON OF LINE-METER T WITH END-METER S IN MELT-
ING ICE WITH ONE-INCH OBJECTIVE.

(Idiv. = 504^.)

Series I.

Date.
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Series I.— Continued.

Pate.
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Series II. — Continued.

Date.
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Series II. — Continued.

Date.
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Series II.— Continued.

Date.
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1883. S—Ti>i

Feb. 27 — 18.8 div.

" 28 +189.8 div.

" 28 + 83.9 div.

(t
- 0°)
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1883.
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Series I. — Continued.

Date.
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Series II. — Continued.

Date.
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Series II. — Continued.

Date.
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Series II.— Continued.

Date.
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EQUATIONS OF CONDITION BETWEEN METERS S AND C.S.

Series II.

1883.
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1883
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Series I.— Continued.

Date.
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EQUATIONS OF CONDITION BETWEEN METERS R/t AND S.

1883.
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COMPARISON OF METERS T\ T\ C. S., Z?i\ 7?i\ AND R.\ WITH
UNIVERSAL COMPARATOR.

(Objective = 1 inch.)

(1 tliv. = 0.440 ;u
= .0001732 in.)

Date.
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COMPARISON OF METERS.— Continued.

Date.
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COMPARISON OF YARDS C.S., 7?i\ R^\ AND ZZ/a WITH UNI-
VERSAL COMPARATOR.

(Objective = 1 inch.)

(1 div. = O.UOfi = .0001732 in.)

Date.
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COMPAKISON OF YARDS. —Continued.

Date.
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EQUATIONS OF CONDITION BETWEEN METRES T'- AND C.S.
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EQUATIONS OF CONDITION BETWEEN METERS T'^ AND Rj'i.
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Normal Equations.

—5685.7= +38(3+ S94.2i i = +15.53 = +6.83;*
—32302.0 = +394.2 a + 5807.1 6 a = —310.7 = —136.7 /t

This value of h reduced to the equivalent for one meter becomes 7.48 /x.

But from
T—C.S. &= —3.29div.

r— i?i fe= -f-13.80div.

Whence from

C.S.— R^. *= +1 7.09 = +7.52 /*

We have, therefore, for 1 meter,

h= +^-^"''+ ^-^-'' = +7.50 ^ = +17.04 div.

For 1 yard,

h = +6-8-V + 6.87^ ^ +6.85;x =+15.57 div.

EQUATIONS OF CONDITION BETWEEN YARDS C. S. AND 7?/s.
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COMPARISON OF METERS T\ T'l, Ri\ R,\ AND YARDS R Rj^i.

Date.

1883.

March 22 ..
" 23 . .

" 25 ..

April

May

26 .

28 .

20 .

30 .

30 .

1 .

2 ,

3 .

8 .

9 .

10 ,

1-1 .

15
16
17
18

19
20
21
22
23

" 24 .

" 25 .

" 27
" 28 '.

" 20 .

" 30 .

« 31 .

June 1 .

3 .

" 4 ,

" 5 ,

" 6 .

7
" 25
" 26

" 26
" 27
" 27
" 27
" 28

rei , c

1 1

o
— 1.93— 1.30— 0.25

+ 2.27

+ 0.92

+ 6.40

+ 1.05— 0.38

+ 1.25

+ 0.07

— 14

+ 4.51

+12.58
-f 10.34

+ 6.98

+14.68
+14.58
+15.02
+14.75
+14.46

+14.54
+14.43
+14.66
+14.84
+14.58

+14-40
+14.27
+14.41
+14.64
+14.76

+14.79
+14.80
+14.99
+19.18
+17.59

+17.07
+17.07
+17.23
+17.86
+17.89

+18.04
+17 87

+17.07
+18.16
+18 03

Mar. 22 to Mar. 26
Mar. 28 to Apr 1

Apr. 2 to Apr. 10

May 14 to Blav 18

May 19 to May 23

May 24 to Mav 29

May 30 to June 4
June 5 to June 26
June 26 to June 28

Means . .

Aa

diy.

—13.8
—13 6

—15.8
—15.5
—14.1

-13.1
^15.4
—15.2
—13 3
—15.6

—14 9

—14 8

—13 8
—14.1
—12 6

-13.6
—16.6
—14.3
-17.3
—15.9

-15
—16 3
-16.4
—16.6
-16.8

—17.1
—15.2
—18.4
—17.:
—18.0

—16.7
-16 7
-16.7

-16.0

-1C.2

-15.0
-16.1

-173
-17.0
-16 5

-151
-13.0
-14 6
-16.6
-18.0

-14 56
-14.52
-14.04

-15 44
-16.22

-17.25
-16 46

-16.38
-15.64

Aa

div.

+18
+2.0
—02
+U.1
+1.5

+2.5
+0.2
+0.4
+2.3

0.0

+0.7
+0.8
+1.8
+1.5
+3.0

+2.0
—1.0

±u
—0.3

+0.6
-0.7
—0.8
—1.0
—1.2

—1.5
+0.4
—2.8
—2.1
—2.4

-1.1
—11
—1.1
—0.4
—0.6

+0.6
—0.5
—1.7
—14
-0.9

+0.5
+1.7
+1.0
—1.0
—2.4

+1.05
+1.00
+15-
+0.1
—0.61

—1.64
—0.85
-0 77

—0.03

+0.8
+0.9
-0.1
+0.0
+0.7

+1.1
+0.1
+0 2

+1.0
+0.0

+0.3
+0.4
+0.8
+0.7
+1.3

+0.9
—0.4
+0 6
—0.7
-0.1

+0.3
—03
—0.4
-0.4
—0.5

-0.7

+0.3
—1.2
—0.9
-1.1

—0.5
—0.5
-0.5
—0.2
—0.3

+0 3
-0.2
—0.7
—0.6
—0.4

+0.2
+0.7
+0.4
—0.4
—1.1

div.

+0.46
+0.48
+0.51
+0.0"
-0.2'

-0.72
-0 37
—0.35
—0.01

Aft

div

Aa

-15.61 : -6.87 m

-9.8

-7.2

-5.8

-8 4
-6.7

-8.0
-7.8
-9.7
-8.9
-8.7

-8.0
-8.2
-7.7
-8.4
-7.3

-8.9
-8.7
-9.7
-6.7
-7.6

-6.3
-8.7
-6.5
-7.7
-9.5

-7.1
-6.7
-8 4
-9 9

-7.0

-7.58

-8.62

-7,92
-8 32
-7.74

-8.00

—18
+0.8
+2.2
—04
+1.3

0.0

+0.2
—17
—09
-0.7

00
-0.2
+0.3
-0.4
+0.7

—09
-0.7
-1.7
+1.3
+0.4

+1.7
—0.7
+1.5
+0 3
—1.5

+0.9
+13
—0.4
—1.9
+0.1

+0.45
-0.59

+0.11
—0.29
+0.29
+0.03

Aa

div. div.

-0.8
+0.3
+1.0
—0.2
+0.6

+0.0
+01
-0.7
—0.4
—0.3

+0.0
—0.1
+0.1
-0 2

+0.3

—04
—0.3
—0.7
+0.6
+0.2

—0.7
-0.3
+0.7
+0.1
-0.7

+0.4
+0.6
-0.2
-0.8
+0.0

+0.20
-0.26

+0.05
-0.13
+0.13
-H).01

-8.03 = -3.53 ^i

+0 1

-2.0
—1.1
-1.1

+0.6
—2.1
—16
—1.2
—2.2

—1.0
—1.4
—1.2
-2.2
-2 7

—2.3
—0.6
—2.9
-3.5
—1.7

-1.5
0.0

—0.2
00

—1.0

-2.0
—2.0
—31
+1.0
+2.1

-1.02

-130

-1.70

-2.20

-0.54
-0.80

Aa

+1.4
—07
+0.2
+0.2

+1.9
-0.8
-0.3
+0.1
-0.9

+0.3
-0.1
+0.1
—0.0
—1.4

-1.0
+0.7
—1.6

2 2
—0.4

—0.2
+1.3
+11
+1.3
+0.3

-0.7
—0.7
-1.8
+2.3
+3.4

+0.24
—0.04

—0.44
-0.94

+0 72

+0,46

+0.6
—03
+0.1
-^o.l

+0.8
—0.4
-0.1

+0.0
—0.4

+0.1
+0.0
+0.1
—04
-0

-0.4
+0.3
-0.7
—1.0
-0.2

-0.1
+0 6

+0.5
+0.6
+0.1

-0.3
-0.3
-0.8
+10
+1.5

+0.11
—0.01

—0.10
—0.41
+0 32

+0.20

—1.26=—0.55 la
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COMPARISON OF METERS C. S., R^, AND R2,.

At 0° aud at 16.67°.
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COMPARISON or METERS R^ AND R.2, AND OF YARDS R^ AND i?2.

At 0° and at 16.67°.

Date.

1883.

Mar. 22
" 23
" 25
" 25
" 26

" 28
" 29
" 30
" 30

Apr. 1

2
3
8
9
10

May 14

<(
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COLLECTION OF EESULTS IN GROUPS OF FIVE DATES EACH.

Meters.

At 0^ C.

T^'—C.S. T^J—7?i»2 T\—R^ C.S.—Et^^ C.S.—R.^'^^ Rj^—R.^'^
div.
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Yards.

At 0° C.

C. S. - Ri'i C. S. — Ri^ Ri'^
— RP

div. div. div.

—307.5 —60.0 +247.5

—307.5 -56.5 4-251.0

—310.5 —58.5 +252.0

Means —308.5 —58.3 +250.2

At 16°. 67 C.

—51.4 —49.2 +2.2

—51.5 —48.6 +2.9

—54.8 —49.4 +5.4
—53.2 —48.9 +4.3

—52.3 —49.1 +3.2
—53.0 —49.6 +3.4

Means —52.7 —49.1 +3.6

Hence :
—

For aS.-B, h = -^^]-^±^^ = -15.35 = —Q.75fx

_J_O50 ^ 3 6

E-B, h = ^
IIq^

= +14.80 = +6.51 ^

Convertiug these values into the equivalent values for 1 meter, we

have
For C.S.—B^ b = —7.38 ii

C.S.— R^ b = —0.27n

Combining these results, we have

For 1 Meter. For 1 Yard.

For T-aS. i = +1.43^ J = +1.31^

T—R^ b = —6.l0[i b = —5.58^1

T—R.^ b = -\-l.03[i 5=4-0.94^

aS.—R^ b = —7A6^ b = —G.S3ix

aS.—R, b = —0.33{i b = —0.30fi

R,— R, b = -{-7A3ix b = -]-6.52fi
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Thus far there is no conclusive evidence that any of these coeffi-

cients vary in value with the temj)erature. For the present, therefore,

it will be assumed that they are constant between the limits 0° and

16°. 67. In order to compare the relative coefficients for 1\ C. S.,

and i?2 derived from the absolute coefficients of these bars, it will be

better to re-determine absolute coefficients from such observations as

are symmetrically disposed about these limits. The following table

contains the observations which fall within the limits 0° ± 8° and

16°. 67 ± 8°.

The following corrections have been applied to the values under

the first series for each bar, in order to reduce them to the system of

the second series, viz. :

For T

C.S.

R.

corr. = —13.8div.

corr. = — ] i.ldiv.

corr. = —20.4div.

DETERMINATION OF THE ABSOLUTE COEFFICIENTS OF ME-
TERS T, C.S., AND E.2> FROM THE NORMAL VALUES FOR 0°

AND 1G°.G7.

For the temperatures (t
—

0°) the reductions to 0° have been made with the

values of b derived from the normal equations.

The value assumed for (16°.67
—

r) is written at the head of the column.
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Bar T.— Continued.

Date.

1883.

Feb 20
" 25
" 27
" 27
" 28

" 28
" 28

Mar. 1
" 4
" 5

" 5

Apr. 22
" 23
" 24
" 25

(r-0°)

o
—1.92
+2.96—G.71

+2.01
—3.47

—0.22
—0.71
+3.64
—0.35
—4.38

—1.18
+4.57
+5.97
+0.02
+ 5.67

S— T"

div.

+57.0
+63.0
+63.1
+61.5
+63.1

+63.0
+63.5
+02.1
+59.2
+60.7

+65.6
+59.9
+60.9
+50.5
+60.1

Means by
Groups.

div.

+61.5

+62.9

+61.2

Date.

1883.

Apr. 27
" 28
" 29
" 29
" 30

" 30

May 1
"

1
" 2
" 4

« 4
" 4
" 6
"

7
" 8

16°67-

+0.30
—1.87
+1.32
+0.66
+0.79

—1.09
—1.01
+0.11
+7.05
—1.40

—1.40
—3.45
+0.20
+8.75
+3.80

S—T" Means by
Groups.

div.

—475 3

—473.9
—473.1
—475.1
—474.4

—475.0
—472.5
—476.4
—4751
—467.4

—469.9
—470.8
—472.2
—476.8
—473.6

div.

—474.4

—472.7

Bar as. b = +34.63 div.

1883.
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Bar i?..

Date.
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With the determined coefficients 16.18/x and 17.00/:* for T and

C. S. respectively, we have

AtO°C. r"2-|- 102.8/x = ^
But at 0° C. 5. + 310.0^ = ^

Hence T«=— CS=. -f207.2 /x

From observation T''^ — C.S.= +208.3 /*

DiflP. = 1.1 /x

Atl6°.67, ^"2— 167.0
;x
= ^

as. -\- 16.6
fi
= A

Hence T^2 — C S. = +183.6 ;*

From observation T^*^- — C. S. = +184.6 /x

Diff. = l.Ofi

We have therefore an agreement which is quite as close as one

ought to expect.

For the yard we have, from observations at Washington,

At 16°.67, i?2 + 1.22
iM
= Y= Imperial Yard.

From the Eeport of Mr. Chaney,

a s. + 20.68 /i
= r

Hence C. S. — i?2«2
= —19.5 ^

From observation C S. — i?^"^
= —21.6

/x

Diff. = 2.1
/x

Here again the agreement is extraordinarily close. It may be

assumed, therefore, that the meters T and C. S. represent the Metre

des Archives within the limits of the ordinary errors of observation.

The agreement, also, of the yard C. S. by direct comparison with the

Imperial Yard with the relation established through
" Bronze 11," in-

dicates that both of these standards represent the Imperial Yard when

the determined corrections are applied. In the determination of the

length of the meters and yards i?j"i and R,"^ it will be assumed that

T and C. S., with the determined corrections, represent the original

standards with equal weight.
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We have, therefore,

At 0° 0.

Th — A = —102.8 ^

But

T", _ 7?^"=
= _L 68.4 /x

T"2 — i?/2 = -f182.1 /*

Whence

i?^°2
— ^ = —171.2

/x

Rf2 — A = —284.9 /i

Also

a S. — A = —310.0
,1

But

a S. — R,"^ = —1S9.7
iJL

C. S. — E,"2 = — 24.8 /i

Whence

i?^«2
— ^ = —170.3

fi

i?2«2
— ^ = —285.2

/x

At 16°.6- C.

T"> — A = -\-lG7.0iJi

But

T^, — i?^«.
:z= -{-170.2 fi

Whence

^^«2
— ^ =z —3.2 ^

Also

C.S. — A = —16.6

But

C. ^S. — Rj"2 = —14.1
/i

a S. — R.^2 = —17.7 IX

Whence

E,\_
— A = —2.5 fx

i?/2
— ^ = -j-l.l fX

We have therefore, finally, by combination,

At 0° C.

i2i«2 + 170.7
[A
= A

i?2«2 + 285.1
11
= A

At 160.67 C.

i2i«2 + 2.8
|x
=- A

i22«2
— 1.3

1*
= A

It will be observed that the relation for ^^,"2 for 16°.67 is nearly

identical with that determined in 1880 and 1881.

For the yard we have the following final results.

According to

Rogers -|- Smith

2

Chaney

From observations

Whence

i?,/2
— Y =z— 1.2ix

as. — Y = —20.7 IX

a^. — i2,^= —21.6

B.^^.
— T =4-0.9
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And finally,
At 160.67 C.

or.

R,^'- + 0.2 ii

i?2"= 4- .000008 in.

For R^'^ we have, since

or.

R^'-
_ .000056 in.

Y

T

:+1.6/*

Y

Y

COMPARISON OF METERS R^'-, G^'^, AND (7/2, WITH UNIVERSAL
COMPARATOR.

Date.
1883.

(Objective = 1 inch. 1 div. = .440
yti.)

Equations of Condition.

Jan. 9
" 9
" 10
" 11

" 12
" 12
" 12
" 12

7?,>2
—

Gi'3

—15. 7 div.

—14.6 div.

—48.9 div.

—35.2 div.

—66.0 div.

—51.6 div.

—53.0 div.

—49.9 div.

" 14 +20.4 div.

" 19 +32.7 div.

" 21 +18.1 div.

Jan. 14 +33.4 div.

" 15 +31.4 div.

" 17 +48.7 div.

" 17 +57.6 div.

" 17 +56 .3 div.

" 18 +38.3 div.

" 18 +51.0 div.

July 6 +51.0 div.

" 8 +66.1 div.

" 8 +02.6 div.

" 9 +56.5 div.

" 9 +56.5 div.

At 0° C.

b = +4.5 div.

jr?i»2
— G/2 (t

— 0)° i?i*2

— 4.6 div. = a +8.506 (—53.9) div. (—42.8) div.

—15.1 div. = a +6.046 (—41.9) div. (—42.4) div.

—46.9 div. = a —4.046 —30.7 div. —28.7 div.

—29.0 div. = a —1.386 —29.0 div. —22.8 div.

—62.9 div. = a —7.666 —31.5 div. —28.4 div.

—51.2 div. = a —7.706 (—16.0) div. (—15.6) div.

—58.4 div. = a —7.566 (—19.0) div. —24.4 div.

—48.2 div. = a —4.536 —29.5 div. —27.8 div.

+17.6 div. = a +11.786 —32.6 div. —35.4 div.

+33.2 div. = a +13.826 —29.5 div. —29.0 div.

+21.4 div. = a +11.856 —35.2 div. —31.9 div.

At 16°.67 C.

+35.5 div.

+26.5 div.

+58.9 div.

+65.7 div.

+66.4 div.

+43.9 div.

+52.3 div.

+54.0 div.

+72.9 div.

+70.5 div.

+66.1 div.

+63.9 div.

a +15.776

a +14.446

a +21.116

a +20.926

a +20.586

a +14.86
a +18.92
a +18.48

a +21.72

a +20.78

a +20.25

a +19.95

+37.4 div.

+41.4 div.

(+28.7) div.

+38.5 div.

+38.9 div.

+46.4 div.

+40.9 div.

+42.9 div.

+43.4 div.

+44.1 div.

+40.4 div.

+41.7 div.

+39.5 div.

+36.5 div.

+38.9 div.

+46.6 div.

+48.8 div.

+52,0 div.

+42.2 div.

+45.9 div.

+50.2 div.

+52.0 div.

+50.0 div.

+49.1 div.
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Date.

1883. i?i'2
— G^^

July 10 +53.6 div.

" 10 +55.1 div.

" 11 +58.3 div.

" 11 +54.6 div.

" 12 +54.0 div.

" 12 +59.5 div.

" 13 +53.7 div.

" 13 +53.4 div.

7?1»2
—

G2»2

+55.9 div. =
+69.4 div. =
+63.1 div. =
+56.1 div. =

+61.2 div. =
+62.8 div. =
+63.5 div. =
+61.8 div. =

At 16^.67 C.

(t
—

0)° i?i='2
— G^H HiH— Gj^

a +19.53
a +19.49

a +19.11

a +19.13

a +19.20

a +19.07
a +19.08

a +19.08

+40.7 div.

+42.4 div.

+47.3 div.

+43.5 div.

+42.6 div.

+48.7 div.

+42.9 div.

+42.6 div.

+43.0 div.

+56.7 div.

+52.1 div.

+45.0 div.

+49.8 div.

+52.0 div.

+52.7 div.

+51.0 div.

Normal Equations.
For i?i»2

—
Gj'i For J?i»2

— G^^i

+788.1 = 31 a + 400.6 b +926.3 = 31 a + 400.6 6

+22821.6 = 400.6 a + 8141,3 b +25256.0 = 400.6 a + 8141.3 b

b = —4.27 b = —4.48

a = —29.8 a = —28.0

COMPARISON OF YARDS 7?i^ G,'^, AND G/^ WITH UNIVERSAL
COMPARATOR.

Date.
1883.
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Date.
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Since for 16°. 67,

For the Meter,

i?,«'-+ 2.8^ = A

H^ — 18.6
fjL
= Gj

a?

Mf — 2\.Q^= Gf
we have, finally,

G,""" -{-2lAii = A

G.f -\- 2Z.%
ii
= A

For the Yard,

and Rf — 1.4
;t

Rf'— 18.4
;t

R^ — 18.3
y.

Gf + 17.0
ft

= T
=

G,

T

dt

a>

G^-^l%.^t>.=: T

The Tallies which were acttrally nsecT in the subsequent transfers,

derived from a few of the earlier observations, were 21 ^ for the meter

and 15
/A

for the yard.

It will be seen from the following observations that the second

transfer was not quite successful, although the magnitude of the

residuals is very much reduced. This part of my labor will not be

considered as completed until a third transfer has been made, and until

advantage can be taken of a lower temperature during the coming
winter in order to obtain a more accurate value of the coefficient of

expansion of the glass bar.

In the following tables, the values of R^'— G,

have been reduced to Rf" — G^'^^ and R^' — .^2—0.9 div. and —1,7 div. for the meter, and —0.8 div. and -f-O.S div.

for the yard, respectively.

COMPARISON OF METERS B.^\ G-^\ G.^^--^ AND C/i^s WITH ONE-
INCH OBJECTIVE.

2
and of i?j

G^f^
^

by applying

C/^
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Since R^' -f 2.8;^ = A, we have

G^b^ —3.8/4 = ^

G^H^-\-AAyi = A

COMPARISON OF YARDS R^X G^\ 6V'«, AND G^^^, WITH ONE-
INCH OBJECTIVE-
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COMPARISON OF THE WHITWORTH YARD W WITH Ri\
WITH COMPARATOR NO. 1.

(ldiv. = .0000197 in.)

Date.
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EQUATIONS OF CONDITION BETWEEN W AND 7?/^

At 62°

jr-i?2'2 (T-62°) n- -/.'/*

+ 1G.3 div. = a — 0.3 6 +18.6 div,

+ 9.-4div. = a —1.8 6 +23.1 div.

—129.5 div. = a —19.7 6 +20.0 div.

+ 59.4 div. = a + 5.2 6 +19-9 div.

Mean +20.4 div.

Normal Equations.

—44.4= 4 a —10.06 6 = +7.59

+2838.2 = —16.6 a + 418.4 6 a = +20.4

We have, therefore, for 62° Fahr.,

W— Rf = +.000402 in.

But Rf—T= —.000008 m.

Hence, W— .000394 in. = T

Another investigation, the details of which are not given here, gave

the equation JF— .000364 in. = F.

Probable Errors of Observation.

The errors of observation to which the comparisons are subject

may be classified as follows :
—

(a.) Accidental errors of observations for coincidence of micrometer

line with defining lines of standard.

(b.) Errors due to an imperfect focus of the defining lines under

the objective, and which are not included under (a) .

(c.) Errors due to the failure of the thermometer to indicate the

real temperature of the standards compared.

The comparisons of T"' with T\ R^' with R^\ and R^' with Rf\
furnish the data for the computation of probable errors of the first

and second classes.

Using the formula of Peters we have for the probable error of a

single comparison,
—

.8453

'^n (n
—

1)

Whence,
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The following include errors of the class (c)
:—

From T""- — C. S. (meter) r= ±OMfi

rpa,_p^a, «
r=±1.44|t4

a S. — R^^' (yard) r=± 0.99
/*

r—± 0.49
II

Its we have,—

e=±0.07/*

e= ±0.06(M

e= ±0.06/*

e= ±0.09(M

e= ±0.22
|t<

6= ±0.20jt«

e= ±0.15|M

e = ± 0.07
jM

The only conclusion which can be safely drawn from these results

is, that the errors due to temperature are between three and four

times as large as the accidental errors of observation. The errors

due to imperfect focus may be considered as eliminated in a long
sei'ies of observations.

The writer regards the values given for the probable errors of the

final results as entirely illusory. The fact that the formula for proba-

ble errors takes no account of constant errors, needs to be strongly

emphasized in this connection. Errors of classes (h) and (c) are

probably of this sort.

Sdbdiyision op Standards.

The subdivisions of the various standards were made with some-

what unequal precision. In the transfers from one standard to another,

the errors of subdivision are in a general way reduced ; but I have

thus far found it impossible to reduce them to zero when the system
of corrections applied, includes a change in the entire length.

. as.-
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It hardly needs to be said, that one can measure the subdivisions

with much greater accuracy than it is possible to obtain in making the

transfers.

The following results have been obtained for the errors of sub-

division of the various prototypes discussed in this paper. In bar H^
the initial defining line is considered to be at the inch end of the bar.

In all the other bars the initial line is the middle defining line of the

meter and the yard. In the case of the meter the distances are

reckoned as follows :
—

I = distances reckoned from the middle line towards the cm. end.

II = distances reckoned from the middle line awayfrom the cm. end.

For the yard,

I = distances reckoned towards the inch end.

II = distances reckoned awayfrom the inch end.

The columns under the heading 2 contain the corrections reckoned

from the initial line. It is to be remembered that a plus sign indi-

cates that the measured space is too short.

Subdivisions of R^\
(Idiv. = .504;u.)

Feet.

Mean of all

previous
July 17. July 18. Mean. Observations. Adopted Corrections. 2

1 —l.Odiv. —1.3div. —l.Gdiv. —O.Odiv. —1.2diT. —0.6^ —
0.6/*

2 +6.8
" +6.4 " +6.6 " +4.2 " +5.4 " +2.8 /t +2.2 /t

3 _4.8 « —5.4 " -5.1 " —3.3 " —4.2 «
—2.2/* +0.0 /x

Three-Inch Spaces of the First Foot.

July 15. July 15. July 17. July 18. July 19. July 20. July 21. Means. 2
1 —6.6div. —5.4div. —3.2div. —2.8div. —3.6dlv. —4.3div. —4.1div. —4.3div =—2.2iu.

—
2.2/x

2 +2.9
«

+1.0
" -1.3 "

+0.3
" -1.0 "

+0.9
"

+0.9
"

+0.2
» = +0.1ft -2.1/u,

3 _3.o " -2.3 " -1.5 " -3.6 " -2.1 " -3.4 " —2.2 " -2.6 " =: -1.3^i -3.4;ol
4 +6.8

"
+8.6

"
+6.0

"
+6.4

"
+6.7

"
+5.7

"
+5.5

"
+6.8

" =+3.5^t+0.U

Inches of the First Three-Inch Space.
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For the subdivisions, near the edge of B^ we have :—
Meter. • Yakd.

Halves. Halves.

I = —0.7m I=+1.0m
11 = +0.7 M II = —1.0 m

Dm. Spaces
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Cm. Spaces.
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Cm. Spaces. Inch Spaces.

2 2 2 2 2 2
I = —O.V -0.1/x +1.7^1 +1.7m +2.0/i +2.0n I = —l.Sja —1.3m -4.5^t —4.5/i -4.2^i -4.2^i

n = +0.2^ +0.V —2.9/x
—

1.2/x
—

2.3ja
—

0.3^t II = +l.lia —0.2^ —0.1/x
—4.6n —0.2;a -4.4^

in = —0.1m +0.0m +0.9m —0.3m +0.4m +0.1m III = —0.5m —0.7m +3.6m —1.0m +4.0m —0.4m

IV = +0.4m +0,4m -0.2m —0.5m +0.2m +0.3m IV =: +0.3m —0.4m —1.6m —2.6m —2.1m —2.5m

V = -0.4m +0.0m +0.5m +0 Om -0.2m +0.1m V = +1.3m +0.9m +3-3m +0.7m +4.2m +1.7m
VI — —0.9m +0.0m -0.7m +0.0m -1.7m +0.0m

Five Cm. Spaces.

1=:—0.8m —3.7m —4.8m
n = +0.8m +3.7m +4.8m

Equation betvteen the Imperial Yard and the Metre des

Archives.

The writer presented to the Montreal meeting of the American
Association for the Advancement of Science, in 1882, a paper in

which the following relation was announced:—
Imperial Yai'd -{- 3.37015 inches = Metre des Archives.

I stated at that time, however, with reference to this relation, that

for very obvious reasons I should not like to be held to a very strict

account with teference to the last decimal figure given, or even to the

last two decimal figures.

The problem consists of two parts :
—

First, the determination of the relation at 62° F. or 16°.67 C. be-

tween the particular yard and meter defined by H^^ and the original
standards from which these units were derived.

Second, the measurement of the space 3.370-)- inches.

Let M= the true value of the meter ^^"^ expressed in terms of the

Metre des Archives.

Y' = the true value of the yard R^"'^ expressed in terms of the

Imperial Yard.

X= R^' (meter)
— R.^- (yard).

Then Xz=M—Ti.
In the investigation of 1882, a space of four inches was laid off upon

a short bar designated i?, having the same composition as R^. This

space was subdivided to inches. The third inch was subdivided to

tenths of an inch, and the seventh tenth was subdivided to hundredths

of an inch. The following relations between the subdivisions of R.^'^

and B were then determined.
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Feet.

Subdivisions of R.^''.

Six-Inch Spaces of First Foot.

1—0A 11
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Since the investigation of 1882, it has been possible to make the

relation between B^''- and the original units more secure through the

medium of the yard and meter C. S. In the present discussion it was

thought better to vary the method of determining the value of X.

Let X = the three-inch space beyond the limits of the yard B^'^.

y = the distance between tlie defining line of this space and the

defining line at this end of the meter i?./".

Then
M= r -{-x-^y.

The value of x was determined by comparing this space with the

four three-inch spaces composing the first foot of B"\ This was very

easily and expeditiously done by setting the stops of the comparator at

a distance approximately equal to x, and then comparing each space
with this constant distance.

For the measurement of the distance y, a space of two inches was

laid off upon a short bronze bar with subdivisions to half-inches. The
third half-inch is subdivided into five equal parts, and the third sub-

division is again subdivided into ten equal parts. The following rela-

tions were found between these subdivisions. •

Half-Inch Spaces.

July 15. July 17. July 19. July 19. July 20. July 21. July 22. Mean. 2
I. =: —4.4div. —2 Idiv. —2.5diT. -2.8aiv. —2.8aiv. +0.4aiT —l.Sdiv. —2.3div. = -1.2(1^

—
1.2|ii

II.rr+0.1" +1.8" +3.5" +3.5" +2.9" +0.5" +2.8" +2.1" = +1.V ^O.l^i

III. = +2.5" +2.2" —2.1" —1.7" —11" —1.3" —1.6" -0.5" := —0.2ft -0.3/it

IV. =+1.8" —1.9" +1.1" +1.0" +1.0" +0.2" +0.7" +0.6" rr +0.3/^ +0.0fi

One-Tenth Inch Spaces.
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Coinparison of 2 Inches of Scale B with the first 2 Inches of R-^'^.

From observations of July 21,

J?+ 1.9 div. = first 2 inches of R^\.

From observations of July 22,

5+1.8 div. = first 2 inches of i?/^

The following relations for x and y were found, x being expressed
in terms of the first foot of R.^- divided by 4, and y in terms of line 37

of the scale B.

X

July 15 3 inches +13.2 div.

" 15
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Adopting the meau between these values, we have

if _|_ x-^y = [36.999992 + 3;370329] inches.

We have therefore, finally,

1.0000013 A = 39.370321 inches,

and
A = 39.37027 inches.
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XXIII.

ON THE REDUCTION OF DIFFERENT STAR CATA-
LOGUES TO A COMMON SYSTEM.

By William A. Rogers.

Presented May 9th, 1883.

The communication of Professor Safford, in the March number of

the Monthly Notices of the Royal Astronomical Society, cites in a

forcible way some of the causes of discrepancies in stellar co-ordinates

to which too little attention has hitherto been paid. Incidental!}' he

refers to the class of errors which are introduced in the computation

of the systematic corrections necessary to reduce different catalogues

to a common system. Without this reduction it is impossible to ob-

tain the element proper motion with the degree of precision which

modern observations call for.

It is unfortunate that this necessity exists, since considerable un-

certainty must always remain in the determination of these corrections.

One of the serious demands of instrumental astronomy at the present

time is the independent determination at a few widely separated

observatories of all the elements which define stellar positions, without

direct reference to any assumed fundamental system. The Catalogue
of A. G. Publication XIV. by Dr. Auwers is probably more nearly

free from systematic errors than any hitherto constr^ucted ; but the

independent researches of Professor Boss show that the fundamental

observations in declination from about 1815 to 1845 differ as a sys-

tem from the Auwers-Bradley system by an amount which cannot be

neglected.

Since it is obviously impracticable to redetermine the instrumental

constants with which the different catalogues to be compared have

been constructed, by a direct reference to the fundamental system to

which they are to be referred, and with these constants to deduce new

co-ordinates, we must seek the best method of deriving the systematic
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corrections required. The general tendency of modern practice is

towards the graphic method, in preference to a rigid analytical de-

termination. But the difficulty exists that computers do not agree in

the details of the graphical methods employed, and hence with the

same data different results are obtained. It is the common practice

to draw the curves which represent the residuals in right ascension

with this function as the horizontal argument, but there are several

catalo<fues in which the residuals /ia are functions of both the right

ascension and of the declination.

In the choice of any method, it is obvious that preference must be

given to that in which the residuals Ja and z/5 are reduced to a

minimum, whatever the order or the limits of the groups into which

they may he divided. It is believed that this will be best accomplished

by the use of what, for the lack of a better term, may be described as

double-argument curves.

Suppose, for example, that all the residuals in right ascension for

a given catalogue which fall within the limits of the groups in declina-

tion —10°...+0°, +0°...-flO°, -flO°...-f 15°, etc., are arranged

in groups in the order of right ascension. Since the values of the

residuals may be assumed to be true (nearly) for the mean of the

groups into which they are divided, whether the argument be the

richt ascension or the declination, it is obvious that we can choose

either the values which are functions of the right ascension, or those

which depend on the declination, at pleasure, in the construction of the

graphic curves. But whichever is chosen, the residuals derived from

the constructed curves no longer represent the mean values which

correspond to the other argument; that is, the values which are

functions of one argument are derived from the same curve, while

those which are functions of the other argument are derived from

different curves.

The character of these double-argument functions are illustrated in

the following (fictitious) example.
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Aa

TABLE I.
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TABLE III.
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curves. It will not escape attention, that in this case, at least, the val-

ues in the two tables differ systematically at certain points. It is the

experience of the writer that the periodicity thus introduced some-

times amounts to one fourth or one fifth as much as the systematic
deviation of the catalogue compared from the normal system.

In the paper on " A Comparison of the Harvard College Observa-

tory Catalogue of Stars for 1875.0 with the Fundamental Systems of

Auwers, Safford, Boss, and Newcomb," the method here described

has been essentially followed. But in order to reduce the magnitude
of the residuals with which we have to deal, the computed corrections

depending on both the right ascension and the declination were sub-

tracted from the original residuals, and the values of d/Ja and d/18

which remain were treated in the way above described, giving the

corrections found in Table III. Notwithstandincj the criticism of

Professor Safford that this method is unusual, I must maintain that

it gives nearer approximations to the true corrections than can be

obtained in any other way.
Professor Safford has given an exhaustive discussion of the most

probable values of the right ascensions of a list of stars given in the

Memoir to which reference has been made. This discussion involves,

however, a knowledge of the systematic errors of the catalogues com-

pared. It will be interesting to compare with his results the final

results of the Harvard College observations of these stars, in which

there is a direct dependence upon the system of Publication XIV.,
and in which, therefore, there is no need of applying corrections for a

systematic deviation from the assumed system. An experience of

thirteen years has shown that the Harvard College Meridian Circle

can be relied upon to follow very closely the fundamental system
chosen in a series of differential observations.

Two stars of the list have erroneous values in the final catalosrue.

For /3Lyrte, the right ascension should read IS'* 45"' 27'.851, in-

stead of 27^774.

In the case of v Pegasi, there is a misprint in the volume for 1872
of 23*' IS™ 59^374 for 59^.574.

By a reference to the original manuscripts it is found that both of

these errors had been corrected, but by some mistake the corrections

were not made on the sheets prepared for the printer. There were
about a dozen errors of this kind, but all of them seem to have been

corrected in printing except these two.

For the remaining stars the deviations from the positions given in

Publication XIV. are given below, except for the star 1 H. Draconis,



404 PROCEEDINGS OF THE AMERICAN ACADEMY

where the comparison is made with the place derived from the cor-

rection given by Auwers in A. G. 1879, p. 2. These results are given

in advance of publication, with the permission of Professor Pickering,

the Director of the Observatory.

Year of

Obs.
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Year of
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Collecting the results for each year we have :
—

Br. 6.
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Aside from the two stars at first noted, it appears, therefore, that

with the exception of Gr. 2164 the corrections given in my Memoir

are substantiated by the entire series of Harvard College Observatory

observations made between 1871 and 1878 inclusive.

Harvard College Observatort,

May 9, 1883.





PROCEEDINGS.

Seven hundred and fifty-third Meeting.

May 30, 1882.— Annual Meeting.

The President in the chair.

The President announced the sudden death of Professor

William B. Rogers ;
also the death of Mr. Edouard Desor,

Associate Fellow.

The report of the Treasurer was read and accepted.

On the motion of Professor Pickering, it was

Voted, That the balance of the appropriation for publi-

cations made but not expended last year be reappropriated.

The report of the Librarian was read and accepted.

On the motion of Mr. Lyman, it was

Voted, That, when the Academy adjourn, it adjourn to the

second Wednesday in June.

Professor Pickering presented a circular relating to a pro-

posed monument to Secchi, the Italian astronomer.

. On the motion of Mr. Scudder, it was

Voted, That blank cards be prepared for ordering books

for the library.

The annual election resulted in the choice of the following

officers :
—

Joseph Lovering, President.

Oliver W. Holmes, Vice-President.

JosiAH P. Cooke, Corresponding Secretary.

John Trowbridge, Recording Secretary.

Theodore Lyman, Treasurer.

Samuel H. Scudder, Librarian.
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CoU7icil.

WOLCOTT GiBBS, \

Edwaud C. Pickering, > of Class I.

Charles W. Eliot, )

George L. Goodale, ^

Henry P. Bowditch, l of Class II.

Asa Gray, J

Francis J. Child, \

Charles G. Loring, > of Class III.

Edward Atkinson, )

Rumford Committee.

Wolcott Gibbs, John Trowbridge,
Edward C. Pickering, Josiah P. Cooke,
John M. Ordway, Joseph Lovering,

George B. Clark.

Member of Committee of Finance.

Thomas T. Bouv^.

The President appointed the following standing com-

mittees :
—

Committee of Publication.

Alexander Agassiz, John Trowbridge,
Francis J. Child.

Committee on the Library.

Edward C. Pickering, Henry P. Bowditch,
Nathaniel D. C. Hodges.

Auditing Committee.

Henry G. Denny, Robert W. Hooper.
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Seven hundred and fifty-fourtli Meeting.

June 14, 1882. — Adjourned Annual Meeting.

The President in the chair.

The Treasurer presented a report on appropriations ; and

it was

Voted, To appropriate for the following year, subject to

the approval of a future stated meeting :
—

For publishing $ 2,000

For library 1,250

For general expenses . 2,200

Professor Rogers presented a communication on a method

of making a perfect screw.

Seven hundred and fifty-fifth Meeting.

October 11, 1882.— Stated Meeting.

The President in the chair.

The appropriations recommended by the Treasurer at the

last meeting were confirmed.

The President read a letter from the Secretary of the

Society of Arts inviting the Academy to be present at a

meeting in memory of the late Professor William B. Rogers.
The following gentlemen were elected members of the

Academy :
—

Charles Sedgwick Minot, of Boston, to be a Resident

Fellow in Class If., Section 3.

Francis Amasa Walker, of Boston, to be a Resident Fellow
in Class III., Section 3.

Bernhard Sluder, of Berne, to be a Foreign Honorary
Member in Class II., Section 1.

Julius Sachs, of Wiirzburg, to be a Foreign Honorary
Member in Class II., Section 2, in place of the late Joseph
Decaisne.
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Carl Friedrich Wilhelm Ludwig, of Leipsic, to be a Foreign

Honorary Member in Class II., Section 3, in place of the late

Theodor Schwann.

The following papers were presented :
—

Comparisons of Photometric Observations on the Light of

the Stars, made by Sir William Herschel. By Edward C.

Pickering.
On the Effect of Change of Temperature on Hall's Phe-

nomena. By Edwin H. Hall. (By invitation.)

Contributions from the Physical Laboratory of Harvard

College :

On the Thomson Effect. By John Trowbridge and C. B.

Penrose.

Influence of Magnetism on Thermal Conductivity. By
John Trowbridge and C. B. Penrose.

Electromotive Force. By John Trowbridge.

Change of Pitch by the Telephone. By John Trowbridge.

Seven bundred and fifty-sixth Meeting.

November 8, 1882.— Monthly Meeting.

The President in the chair.

Li the absence of the Recording Secretary, Mr. Edmands
was ap[)ointed Secretary ^ro tern.

The President read a letter from the Directors of the

Royal Society of Sciences of Gottingen, announcing the death

of their secretary, Friedrich Wohler
; also a letter from

Dr. Charles S. Minot, acknowledging his election as Fellow

of the Academy.
The following paper was presented by title :

—
The Tortugas and Florida Reef. By Alexander Agassiz.

Professor Dolbear made some remarks on the maximum

temperature of the sun. He also spoke of an attempt to

determine the relative amounts of electricity transmitted by
different parts of the cross section of a conductor. Re-

marks on this subject were made by Messrs Pickering and

Edmands.
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Seven hundred and fifty-seventh Meeting.

December 13, 1882.— Monthly Meeting.

The President in the chair.

The President announced the death of Professor Bischoff,

Foreign Honorary Member,

Letters were read from Messrs. Studer and Ludwig, ac-

knowledging their election as Foreign Honorary Members.

The following papers were presented:
—

On the Determination of the Diameters of Planets by the

Method of Inclined Lines. By William A. Rogers.

Preliminary Notice of the Action of Phosphorous Trichlo-

ride on Anilin. By C. Loring Jackson and A. E. Menke.

Professor Pickering gave an account of the observations

of the recent transit of Venus made at the Harvard College

Observatory.
Mr. Searle made some remarks on the brightness of Venus

at the time of transit, and on the zodiacal light.

Seven hundred and fifty-eighth Meeting.

January 10, 1883.— Stated Meeting.

The Vice-President in the chair.

On the motion of the Corresponding Secretary, it was

Voted, That, when the Academy adjourn, it adjourn to the

second Wednesday in February.

The following papers were presented by title :
—

On the Products of the Dry Distillation of Wood at Low

Temperatures. By Charles F. Mabery.
On certain Substituted Acrylic and Propionic Acids. By

Charles F. Mabery and Franklin C. Robinson.

On the Decomposition of Chlortribrompropionic Acid. By
Charles F. Mabery.
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Seven hundred and fifty-ninth Meeting^.

February 14, 1883. — Adjourned Stated Meeting.

The President in the chair.

The following gentlemen were elected members of the

Academy :
—

Samuel Pierpont Langley, of Allegheny, to be an Associate

Fellow in Class I., Section 2.

Setli Carlo Chandler, Jr., of Cambridge, to be a Resident

Fellow in Class I., Section 2.

Edwin Herbert Hall, of Cambridge, to be a Resident Fellow

in Class I., Section 3.

William White Jacques, of Newburyport, to be a Resident

Fellow in Class I., Section 3.

Louis Pasteur, of Paris, to be a Foreign Honorary Member
in Class II., Section 3, in place of the late Charles Robert

Darwin.

Matthew Arnold, of Gorhara, England, to be a Foreign

Honorary Member in Class III., Section 4, in place of the

late Artliur Penrhyn Stanley.
The following papers were presented :

—•

Quantitative Researches in Photography. By William H.

Pickering. (By invitation.)

Photography as a Means of Determining the Light and

Color of the Stars. By Edward C. Pickering and William

H. Pickering.

On the Historical Hydrography of the West Coast of North

America. By Justin Winsor.

Seven hundred and sixtieth Meeting.

March 14, 1883. — Stated Meeting.
"5

The President in the chair.

The death of Mr. Nathaniel Thayer was announced.

The following gentlemen were elected members of the

Academy :
—
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Silas Wliitcomb Holman, of Boston, to be a Resident

Fellow in Class I., Section 3.

Leonard Parker Kinnicutt, of Cambridge, to be a Resident

Fellow in Class I., Section 3.

Charles Frederic Mabery, of Cambridge, to be a Resident

Fellow iu Class I., Section 3.

William Henry Pickering, of Boston, to be a Resident

Fellow in Class I., Section 3.

Walter Faxon, of Cambridge, to be a Resident Fellow in

Class II., Section 3.

Johaun Friedrich Julius Schmidt, of Athens, to be a

Foreign Honorary Member in Class I., Section 2, in place of

the late Emile Plantamour.

Thomas Henry Huxley, of London, to be a Foreign Hon-

orary Member in Class II., Section 3, in place of the late

Theodor Ludwig Wilhelm Bischoff.

The following papers were presented :
—

On a Method of Observing the Occultations of Jupiter's
Satellites. By Edward C. Pickering.
On an Electrical Method of Communicating Intelligence from

a Vessel at Sea to a Station on Shore. By Amos E. Dolbear.

The following papers by Professor William A. Rogers were

presented by title :
—

Determination of the Absolute Coefficient of Expansion of

Bars of Copper, Bronze, and Brass.

A New Method of Determining, from Observations of the

Pole Star, the Equator Point Correction of a Meridian Circle

at any Instant of Time.

A New Method of Determining the Flexure of the Gradu-
ated Circle of a Meridian Instrument.

Seven hundred and sixty-first Meeting.

April 11, 1883. — Monthly Meeting.

The Peesident in the chair.

The Corresponding Secretary read an invitation to the

American Academy from the Royal Society of Canada to

attend their second meeting at Ottawa.
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An invitation to attend the semi-centennial meeting of the

Oberhessische Gesellschaft fiir Natur- und Heilkunde at

Giessen was also read. On the motion of the Corresponding

Secretary, it was

Voted, To accept these invitations.

'Dr. Otto W. Struve, of Pulkowa, read a paper on Aber-

ration.

Professor Lovering showed the bearing of the refined obser-

vations of the Pulkowa Observatory upon the question of the

influence of the movement of the ether upon aberration and

refraction.

The following papers were presented :
—

Results of the Comparisons of Three Independent Copies
of the Imperial Yard and of Four Independent Copies of the

Metre of the Archives. By William A. Rogers.
On the Earliest Observation of a Variable Star. By Seth

C. Chandler, Jr.

On the Photographs of Stellar Spectra made by the late

Dr. Henry Draper. B}^ Edward C. Pickering.

The following papers were presented by title :
—

On Substituted Pyromucic Acids. By Henry B. HilL

On certain Parabrombenzyl Compounds. By C. Loring
Jackson and G. T. Hartshorn.

Notes on the Crjqotogamic Flora of the White Mountains.

By William G. Farlow.

Seven hundred and sixty-second Meeting.

May 9, 1883.— Monthly Meeting.

The President in the chair.

Tlie Corresponding Secretary read letters from the Congres

International des Americanistes, at Copenhagen ;
from Seiior

Anguiano, Director of the National Observatory of Mexico,

at Tacubaya ; from Messrs. Huxley and Schmidt, acknowl-

edging election as Foreign Honorary Members.

On the motion of the Corresponding Secretary, it was
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Voted, To appoint Professor Alplieus Hyatt a delegate to

represent the American x'Lcademy at tlie meeting of the Royal

Society of Canada.

The President aitnoimced informally that, at the annual

meeting of the Academy, the Rumford Committee would

recommend that the Rumford Medal be awarded Professor

Henry A. Rowland for his researches on light and heat.

The following papers were presented :
—

On the Collection of Meteorites at Harvard College. By
Josiah P. Cooke.

Photographs of the Infra Red Portion of the Spectrum.

By William H. Pickering.

The following papers were presented by title :
—

Contributions to American Botany. 1. Characters of and

Notes upon North American and INIexican CompositcC.

2. Characters of various other North American Gamopetalse.

By Asa Gray.
A Simple Method of Correcting the Weight of a Body for

the Buoyancy of the Atmosphere when the Volume is un-

known. By Josiah Parsons Cooke.

On the Vapor Density of the Chloride, the Bromide, and

the Iodide of Antimony. By C. P. Worcester.

Notes on some Species in the Third and Eleventh Centuries

of Ellis's North American Fungi. By William G. Farlow.

Contributions to American Botany. By Sereno Watson.

On the Heat produced in Iron and Steel by Reversals of

Magnetization. By John Trowbridge and Walter N. Plill.

On the Heat produced in Iron and Steel by Reversals of

Magnetization. By John Trowbridge and Charles Bingham
Penrose.

Influence of Magnetism upon Thermal Conductivity. By
John Trowbridge and Charles Bingham Penrose.

Papers on Thermo-Electricity. No. 1. By John Trow-

bridge and Charles Bingham Penrose.

The Electromotive Force of Alloys. By John Trowbridge
and E. K. Stevens.

The Potential of a Shell bounded by Confocal Ellipsoidal

Surfaces. By Frank Nelson Cole.

VOL. xviii. (n. s. X.) 27
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Researches on the Complex Inorganic Acids. By Wolcott

Gibbs.

The Volumetric Determination of Combined Nitrous Acid.

By Leonard P. Kinnicutt aud John U. Nef.

The ^ Phenyltribrompropionic Acid. By Leonard P.

Kinnicutt.

On the Crystalline Form of Chlordibromacrjdic Acid. By
Oliver W. Huntington.

On the Reduction of Different Star Catalogues to a Com-

mon System. By William A. Rogers.

On a Method of Determining the Index Error of a Meridian

Circle at any Instant impending upon the Observed Polar

Distance of Polaris. By William A. Rogers.

Studies in Metrology. First Part. By William A.

Rogers.
On a New Method of Preparing Borneol from Camphor.

By C. Loring Jackson and A. E. Menke.



EEPOET OF THE COUNCIL.

MAY 29, 1883.

During the past year the Academy has lost by death

twelve members ;
— viz. four Resident Fellows : Augustus A.

Hayes, William B. Rogers, Chandler Robbins, and Nathaniel

Thayer ; four Associate Fellows : Charles Avery, of Clinton,

N. y., Henry Draper, of New York City, George P. Marsh,
of Rome, and Isaac Ray, of Philadelphia ;

and four Foreign

Honorary Members : T. L. W. Bischoff, of Munich, Joseph

Liouville, of Paris, Emile Plantaraour, of Geneva, and Fried-

rich Wohler, of Gottingen.

JOHN BACON.*

John Bacon was born in Boston, September 8, 1817. His father,

John Bacon senior, came from Haverhill, England, during the year

1812, and established himself in the drug business, on the site of the

present Court House, on Court Street, Boston. He soon became well

known as an active merchant, and during his successful life was highly

respected and beloved. He v/as a leader in many political, financial,

and charitable movements, and was a member of the Old North Church

and for many years one of its wardens.

Soon after his arrival in Boston, John Bacon senior married Ana
Hart, daughter of Edmund Hart, remembered in Boston as the builder

of the frigate Constitution. The children of this marriage were John,
the subject of this notice, and Anna, who in after life became the sec-

ond wife of RoUin H. Neale, a distinguished Baptist clergyman.
The son John in his boyhood was noted for his quiet and gentle-

manly deportment, and early manifested a strong taste for mechanics.

* This notice should have been included in the Report of last year, but was
not ready in time.
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He was educated at the Boston Latin School, and at Harvard Col-

lege, where he graduated with the Class of 1837, being at that time

not quite twenty years of age. Both at school and at college young
Bacon was an excellent scholar, and is remembered with respect and

affection by those of his classmates who enjoyed his intimacy. He
had a warm and generous heart, a sympathetic smile, with genial

manners, and a quiet vein of humor which endeared him to those who

could draw him out of himself; but one of his classmates writes,

"He was one of the least demonstrative persons I ever knew."

After his graduation, Bacon entered the Medical School in Boston

connected with Harvard University, and received in regular course the

degree of M. D., although he never practised the medical profession.

Soon after, he made an extended tour in Europe when such a privilege

was more rare than at the present time, and this journey gave him the

opportunity to 2:)ursue effectively tlie study of chemistry, for which he

had acquired a strong taste, and which he continued with great assi-

duity after his return home.

The bias of his professional associations naturally gave direction

to Dr. Bacon's chemical studies, and he soon became the leading au-

thority in this community on all questions of physiological chemistry.

He very early applied the microscope to the examination of urinary

deposits, and his skill in the preparation of objects for study was re-

markably great, and it is to be hoped that the very large and unique
collection of these objects which he made has not been lost to science.

His private laboratory was a model of order and neatness ; his reagents
were preserved in the greatest possible purity, and his instruments

kept in the most serviceable condition.

In 1847, Dr. Bacon, then at the age of twenty-nine, was elected a

Fellow of this Academy ; but, so far as the writer can discover, he

made but one communication to the Academy which was published in

its Proceedings. Most of his papers, generally very brief, were pub-
lished either in the Boston Journal of Natural History, or in medical

journals. As complete a list of these papers as the zeal of a friend

can now secure is given below. Dr. Bacon's modest and retirinor

disposition kept him from being much before the world; but when he

was called on for an opinion on matters relating to his peculiar depart-

ment of study, he would give it with decision, and show the result of

thorough knowledge, careful observation, and large experience.

In 1851, Dr. Bacon was appointed Chemist and Microscopist to the

Massachusetts General Hospital, a position which gave him great fa-

cilities for pursuing his special studies, and which he held until 18G3.
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In 1857, when, in consequence of increasing work in the Undergradu-
ate Course, the Erving Trofessor in Harvard College was relieved of

all duties at the INIedical School, Dr. Bacon was ajjpointed Professor

of Chemistry in that School and remained a member of the Medical

Faculty of Harvard University until 1871. As a lecturer, he com-

manded the respect and attention of the students, and in the laboratory
he won their confidence and esteem. He was a successful experi-

menter, and combined great clearness of thought with felicity of

illustration.

Dr. Bacon was a man of slight build, and seems never to have en-

joyed robust health. He resigned first his position in the Hospital
and then his professorship, on account of failing strength ; and a fever

which he passed through soon afterwards still further impaired his en-

ergies. A man of quiet habits and reticent manners, he made few new

friends, but was beloved heartily by those who knew his virtues and

the warmth of his affections. After the death of his sistei-, Mrs. Neale,

and later of her husband, leaving him the last of the household, his ill

health, aggravated by depression of spirits, led him to shrink more than

ever within himself. He saw only a few old friends, and sought com-

panionship chiefly in his books. Plis closing years were clouded also

by financial ti'oubles, which conspired to aggravate his morbid condi-

tion. His last stronor love was for his Alma Mater. In one of his

latest notes, written by him but a few hours before his death, were these

words :
" Save out of the wreck all you can for my beloved College."

It had been the great desire of Dr. Bacon's life to found at the Uni-

versity a Professorship of Chemistry, to be known as the Bacon Pro-

fessorship, and to this the note referred. The word '• wreck
"
plainly

shows the great weakness of his condition just before his decease. He

died, November 28, 1881, at his residence on Somerset Street, Boston,

aged sixty-four. There was no wreck. Dr. Bacon left the greater

part at least of the considerable estate he had inherited from his father ;

but unfortunately he had not so ordered his affairs as to make his last

wish effective.

Papers by John Bacon, M. D.

1. Polythalamia in Sand from tlie Sahara Desert. Bost. Journ. Nat. Hist.,

v., p. 402; also Proc. Bost. Nat. Hist. Soc, II., 1846, p. 164.

2. Microscopic Examination of Gun-Cotton. Proc. Bost. Soc. Nat. Hist., II.,

1847, p. 195
;
Araer. Journ. Sci., 2 ser.. IV., 1847, p. 44.5.

3. Observations on the Dumb-bell Urinary Deposit. Amer. Journ. Med. Sci.,

n. s., XXL, 1851, p. 297.

4. Urinary Deposit of Epithelial Nuclei. Amer. Journ. Med. Sci., n. s., XXIV.,

1852, p. 378.
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5. Crystals of Hcematoidm in the Bloody Fluid from a Tumor. Amer. Journ.

Med. Sei., n. s., XXIV., 1852, p. 380.

6. Mercurial Poisoning. Amer. Journ. Med. Sci., n. s., XXVI., 18-53, p. 91.

7. Calculi passed per Urethram. Amer. Journ. Med. Sci., n. s., XXVL, 1853,

p. 3G3.

8. Factitious Bezoar. Amer. Journ. Med. Sci., n. s., XXVII., 1854, p. 346.

9. Proportion of Fat in a Fatty Liver. Amer. Journ. Med. Sci., n. s., XXVII.,

1854, p. 355.

10. Observations on the Oil contained in the Crustaceans found in the Cochit-

uate Water. Proc. Amer. Acad., III., 1855, p. 178; Amer. Journ. Sci.,

2 ser., XIX., 1855, p. 261.

11. Witli A. A. Hayes. Researches upon Cochituate "Water, and upon the Oily

Matter and Crustacea contained therein. Proc. Bost. Soc. Nat. Hist.,

v., 1855, p. 144.

12. Fossil Foraminifera from South Carolina, and Polycistina from Barbadoes,

Proc. Bost. Soc. Nat. Hist., VL, 1857, p. 246.

13. Microscopic Forms of Oxalate of Lime. Proc. Bost. Soc. Nat. Hist., VI.,

1857, p. 263.

14. Frequency of the Crystalline Urinary Deposits at the Massachusetts Gen-

eral Hospital. Bost. Med. and Surg. Journ., LVIIL, 1858, p. 11.

15. Introductory Address [delivered November 3d, 18-58, to the Medical Class of

Harvard University]. Bost. Med. and Surg. Journ., LIX., 1858, p. 289.

16. Elimination of Lead from the System. Bost. Med. and Surg. Journ., LX.,

1859, p. 420.

17. On Cocoa-nut Penrl. Proc. Bost. Soc. Nat. Hist.; VII., 1860, p. 290.

18. Calculus, partly Siliceous, from the Kidney of a Sheep. Bost. Med. and

Surg. -Journ., LXIV., 1861, p. 211.

19. Note concerning the Cocoa-nut Pearl. Proc. Bost. Soc. Nat. Hist., VIII.,

1861, p. 173.

20. Siliceous Urinary Calculi. Bost. Med. and Surg. Journ., LXIV., 1861,

p. 417.

21. Chemical Analysis of Three Calculi from the Kidney of an Ox. Bost. Med.

and Surg. Journ., LXIV., 1861, p. 473.

22. Siliceous Urinary Calculi. Proc. Bost. Soc. Nat. Hist., VIII., 1861, p. 206.

23. Siliceous Calculi from tlie Kidney of an Ox. Bost. Med. and Surg. Journ.,

LXV., 1861, p. 132.

24. Arsenical Paper Hangings. Bost. Med. and Surg. Journ., LXIX., 1864,

p. 489.

AUGUSTUS ALLEN HAYES.

Augustus Allen Hayes was born at "Windsor, Vermont, Feb-

ruary 28, 180G. He graduated at the Military Academy at Norwich

in 1823, and began the study of chemistry as a profession under

Doctor James F. Dana, then Professor of Chemistry and Mineralogy
at Dartmouth College. In 1825, a laborious research undertaken by
him for the purpose of accurately determining the jiroximate composi-
tion of various American medicinal plants was rewarded, among other
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results, by the discovery of the organic alkaloid sanguinaria, a com-

pound remarkable for the brilliant color of its salts, although itself

nearly colorless. In 1827 he investigated the compounds of chro-

mium, and his paper on this subject was highly praised by Berzelius.

Removing to Boston in 1828, he resided in that city or its vicinity

until his death. He devoted his time to chemical investigations, and

also filled successively the posts of director of an extensive manu-

factory of colors and chemical products at Roxbury, of consulting

chemist or director of some of the most important manufacturing es-

tablishments in New England, and of State Assayer of Massachusetts.

In 1837 he conducted an elaborate investigation upon the economical

generation of steam and the relative value of fuels, which, in 1838, led

to a novel arrangement of steam-boilers, afterwards generally adopted.

Some of the results of this investigation are embodied in the "
Report

to the Navy Department of the United States on American Coals

applicable to Steam Navigation, and to other Purposes," by the late

Walter R. Johnson. To Doctor Hayes belongs also the credit of the

important application of the oxides of iron in refining pig-iron in the

puddling-furnace so as to produce without loss a pure malleable iron.

Still earlier, the refining of copper was, under his direction, rendered

a much shorter and more certain operation by the introduction of the

scales of oxide of copper produced in refining. His researches on the

difference in the chemical constitution and action of sea waters, on and

below the surface, on soundings, and at the entrance of rivers, form part

of an investigation undertaken under a commission from the United

States Navy Department to examine and report on the subject of

copper and copper sheathing as applied in the construction of national

vessels, and his report embodies a vast amount of scientific and com-

mercial information. In 1859-60, while considering the question of

water supply for the city of Charlestown, he found, as his earlier analy-

sis indicated, that the deep water of Mystic Pond was far less pure than

the surface water. The question of difl^usion under a flowing surface

came up for study, with the responsibility of accepting or rejecting the

source of supply. He had proved that a copper strip or wire, passing

vertically through two masses of water of slightly unlike composition,

would become polarized and exhibit electrolytic action. This mode of

testing the exact limits of the impure water was applied under his

direction, and it was shown that a compound affording sulphur, when

decomposed, could be detected by its action on the strip forming a

black sulphide, and the limits of the existence of this compound were

read on the surface of the strip of copper, or silvered copper. Nu-
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merous observations on this and other bodies of water have proved the

high practical value of the application, and demonstrated the presence

of a stream of naturally j^ure water, nearly twenty feet deep, flowing

without contamination over impure water. After the outbreak of the

civil war, Doctor Hayes called public attention to the uncertainty of

the foreign supply of saltpetre, and the necessity of domestic produc-

tion. His efforts resulted in the manufacture of the supply for the

navy from caustic potash and nitrate of soda by a novel process, the

product being of great purity.

Doctor Hayes visited Europe in 1867, and after his return, at the

close of the following year, was attacked by a serious illness. Recov-

ering from the first shock, he lived nearly thirteen years, enduring con-

tinuous suffering with great patience and tranquillity. He died at his

home in Longwood, June 21, 1882, at the age of seventy-six years.

His wife, the daughter of the Rev. Samuel Dana of Marblehead, who
bad devoted herself wholly to caring for him during his long sickness,

had died previously, in 1879.

The honorary degree of M. D. was conferred on Doctor Playes in

1846 by Dartmouth College, to which institution he afterwards pre-

sented his scientific library. He was elected Fellow of this Academy,

August 8, 1838, and his last scientific communication, that on the

wide distribution of vanadium, was made to our body. He had the

rare faculty of interesting practical men in scientific subjects, and his

familiar talks at the meetings of the Thursday Evening Club were

highly esteemed in Boston. His chief occupation was that of a con-

sulting chemist, and he was for many years the chief authority in this

vicinity on all the great commercial questions involving chemical prin-

ciples. His opinions were highly valued, and the many industrial

interests wisely fostered under his direction gave him an ample com-

petency. He was a warm and generous friend, quick and ardeut in

his sympathies, full of kindness and good works. During his long

illness, when, after such an active life, he was confined either to his

bed or to an invalid's chair, he showed a fortitude, a resignation, and a

cheerfulness which made a visit to his home an attractive pilgrimage,

and these qualities, which won at the time the admiration of his friends,

may be here recorded for a memorial of the nobility of his character.

Papers hy Augustus Allen Hayes, M. D.

1. Localities of Minerals in Vermont. Sill Journ., XIII
, 1828, pp. 195, 196.

2. On the Combinations of Chromium. Sill. Journ., XIV., 1828, pp. 136-144.

3. On a Portable Hygrometer. Sill. Journ., XVII., 1830, pp. 351, 352.
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4. On the Dew-Point. Sill. Journ., XVIII., 1830, pp. 63-65

5. Hydrobromic Acid and Potash in the Saratoga Springs. Sill. Journ.,

XVIII., 1830, pp. 14-J, 143.

G. Production of Hydrocyanic (Prussic) Acid under uncommon Circumstances.

Roy. Inst. Journ., I., 1831, p. 109.

7. On a Singular Instance of Crystallization. Sill. Journ., XX., 1831, pp. 128-

130.

8. Notice of Cobalt, Nickel, &c., of the Chatham Mine, Connecticut. Sill.

Journ., XXL, 1832, pp. 195, 196.

9. On two new Acid Compounds of Chlorine, Carbon, and Hydrogen. Sill.

Journ., XXII., 1832, pp. 141-143.

10. Details of a Chemical Analysis of Danaite, a new Ore of Iron and Cobalt.

Sill. Journ., XXIV., 1833, pp. 38G-388.

11. On the Action of Metallic Tin on Solutions of Muriate of Tin. Sill. Journ.,

XXXVIII., 1840, pp. 408-410 ; Sturgeon, Ann. Electr., V., 1840, pp. 302,

303
;
Bibl. Univ., XXX., 1840, pp. 411-413.

12. Notice of Native Nitrate of Soda, containing Sulphate of Soda, Chloride of

Sodium, lodate of Soda, and Chloriodide of Sodium. [1838.] Boston

Journ. Nat. Hist., III., 1840-41, pp. 279, 280.

13. Re-examination of Microlite and Pyrochlore. Sill. Journ., XLVI., 1844,

pp. 159-160.

14. On the A State of Columbic Acid. Sill. Journ., XLVI., 1844, pp. 167-169.

15. Description and Analysis of Pickeringite, a Native Magnesian Alum. Sill.

Journ., XLVI., 1844, pp. 360-362.

16. Remarks on the Origin of the Chlorine found in the Alabama Iron, and a

Description of new Methods employed in the Analysis of Meteoric Irons.

Sill. Journ., XLVIIL, 1845, pp. 147-156.

17. On the Manufacture of Pure Sulphuric Acid. Sill. Journ., VI., 1848,

pp. 113, 114.

18. On some Specimens of Native Copper from Lake Superior. Amer. Acad.

Proc, IL, 1848-52, p. 195.

19. On the Urinary Deposit called "Red Sand." Amer. Acad. Proc, IL,

1848-52, p. 196.

20. On Stereoptene, or the Camplior derived from Crude Oil of Valerian.

Amer. Acad. Proc, IL, 1848-52, pp. 199, 200.

21. On the assumed Existence of Ammonia in the general Atmosphere. Amer.

Assoc. Proc, 1850, pp. 207-213.

22. On the Blowpipe Characters of the Mineral from the Azores identified with

Pyrrhite by J. E. Teschemacher. Sill. Journ., IX., 1850, pp. 423, 424.

23. On the Red Zinc Ore of New Jersey. Sill. Journ., IX., 1850, p. 424.

24. On the different Chemical Conditions of the Water at the Surface of the

Ocean and at the Bottom, on Soundings. Sill. Journ., XL, 1851, pp. 241-

244.

25. On the Corrosion of an Alloy, composed of Copper and Silver, in Sea

Water. Sill. Journ., XL, 1851, pp. 324-326.

26. On a Remarkable Change which has taken Place in the Composition and

Characters of the Water supplied to the City of Boston from Lake

Cochituate. Amer. Acad. Proc, III., 1852-57, pp. 173-178; Sill. Journ.,

XIX., 1855, pp. 257-263.
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27. On a New Species of Wax. Amer. Acad. Proc, III., 1852-57, p. 190.

28. On Hydro-electric Currents. Amer. Acad. Proc, IIL, 1852-57, p. 198.

29. On a Specimen of Native Iron from Liberia. Amer. Acad. Proc, IIL,

1852-57, p. 199.

80. On Aluminium. Amer. Acad. Proc, IIL, 1852-57, p. 221.

31. On the Change of Position among the Particles of Solid Metals induced by
the Action of gentle but continued Percussion of the Masses they form.

Amer. Acad. Proc, III., 1852-57, pp. 322-325.

S2. On some Points of Chemical Interest connected with the Manufacture of

Ductile Iron by the new Process of H. Bessemer. Amer. Acad. Proc,

IIL, 1852-57, pp. 341-345.

33. Reclamation of Borocalcite, as distinct from a Mixture of Minerals, found

near Iquique, South Peru. Sill. Journ., XVIIL, 1854, p. 95.

34. Reix)rt on a Specimen of Fossilized Egg, from the Guano Islands,

off the Coast of Peru. Proc. Bost. Nat. Hist. Soc, V., 1854-56, pp.
165-167.

35. On Cochituate Water. Proc Bost. Nat. Hist. Soc, V., 1854-56, pp. 169-

177.

3G. On the Existence of Native Iron in a malleable State in Liberia, Africa.

Proc Bost. Nat. Hist. Soc, V., 1854-56, pp. 2-50-252 ; Sill. Journ., XXI.,

1850, pp. 15.3-157
;
Edinb. New Phil. .Journ., III., 1856, pp. 204-209.

37. Analysis of a Saline Mineral from South America. Proc. Bost. Nat. Hist.

Soc, v., 1854-56, pp. 392-394.

38. On Serpentine Pvock. Sill. Journ., XXL, 18-56, pp. 382-38-5.

39. On the Monks Island Guano. Sill. Journ., XXIL, 1856, pp. 300, 301.

40. On the State in which Phosphate of Lime exists in Sea Water. Proc.

Bost. Nat. Hist. Soc, VL, 1856-59, pp. 48-51; Edinb. New Phil. Journ,,

VL, 1857, pp. 10-3-107.

41. Analysis of a Specimen of Gum from Africa. Proc. Bo«t. Nat. Hist Soc,

VL, 1856-59, pp. 129-131.

42. On the Kind of Sugar developed in the Sorghum Saccharatnm, or Cliinese

Sugar-cane. Proc Bost. Nat. Hist. Soc, VL, 18-56-59, pp. 200-20-3.

43. On a Chemical Change which takes place in the Glucose of the Sorghum.
Proc. Bost. Nat. Hist. Soc, VL, 1 856-50, pp. 297-290.

44. On some Modified Results attending the Decomposition of Bituminous

Coals by Heat. Brit. Assoc Rep. 1857, (Pt. 2,) pp. 50, 51
; Edinb. New

Phil. Journ., VII., 1858, pp. 33-35; Sill. Journ., XX VII., 1859, pp. 294,

29-5.

45. On the Composition of the so-called Guano of the Atlantic Islands. Edinb.

New Pliil. Journ., VL, 1857, pp. 107-112.

46. On the Corrosion of Yellow-Metal Sheathing in Sea Water. Amer. Acad.

Proc, IV., 18-57-60, pp. 28-31.

47. On the Supposed Meteorite from Marblehead. Sill. Journ., XXV., 1858,

p. 135.

48. Examination of a Mineral Substance in the Medullary Cavity of Trees

growing in the Sandwich Islands. Proc. Bost. Nat. Hist. Soc, VH.,

18-59-61, pp. 209, 210.

49. On the Occurrence of Soluble Compounds of Copper, Lead, and Tin in

newly distilled Alcoholic Spirits. Chemical News, IV., 1861, p. 117.
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50. On the Occurrence of Massive Datholite in the Mines of Lake Superior.

Proc. Bost. Nat. Hist. ISac., VIU., 1861-62, pp. 62-04.

51. Description and Analysis of a new Kind of Bitumen. Proc. Bost. Nat.

Hist. Soc, X., 18GG, pp. 306, 307.

52. On the Cause of tlie Color of the Water of Lake Leman, Geneva. Amer.
Journ. Sci., XLIX., 1870, pp. 186-189; Cosmos, VII., 1870, pp. 125-128.

53. On the Lignites of Middle and Southern Italy. Chemical News, XXL, 1870,

p. 157.

5L On the Red Oxide of Zinc of New Jersey. Amer. Journ. Sci., IV., 1872,

pp. 191-198.

55. On a Practical Test of the Condition and Composition of Natural Waters.

Amer. Acad. Proc, IX., 1874, pp. 78-81.

50. On tlie Wide Diffusion of Vanadium and its Association with Phosphorus
in many Rocks. Amer. Acad. Proc, X., 1875, pp. 294-299.

CHANDLER ROBBINS.

Chandler Robbins was born at Lynn, Massachusetts, Feb-

ruary 14, 1810. He graduated at Harvard University in 1829, having
maintained a high rank in a class of unusual ability and promise. He

spent a year as a teacher in the Boston Latin School, and then entered

the Cambridge Divinity School. In 1833 he became pastor of the

Second Church in Boston, succeeding in that office Ralph "Waldo

Emerson. He resigned his pastorate in 1874, and died at Weston,

Massachusetts, September 11, 1882. In his profession he was success-

ful as a preacher; eminently assiduous, faithful, and beloved, as a

pastor. His style was chaste and pure, his delivery graceful. He

possessed in full measure the endowments that belong to the Christian

gentleman, scholar, and minister. He had a by no means shallow

vein of poetical sentiment, and contributed to the hymnology of the

Church several favorite Christian lyrics. His principal extra-profes-

sional labors were in the department of history, in which he published

many discourses, lectures, and articles, besides serving for many years

in various offices in the Massachusetts Historical Society, and aiding

in the preparation and editorship of several volumes of its collections.

In 1855 he received the degree of Doctor of Divinity from Harvard

University. For the latter years of his life a gradual failure of eye-

sight, terminating in total blindness, disabled him for active duty, and

at the same time brought into conspicuous exercise those, passive

virtues which grow only fi'om profound religious faith, trust, and

experience.
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WILLIAM BARTON ROGERS.

William Barton Rogers was born at Philadelphia, on the 7th

of December, 1804. His father, Patrick Kerr Rogers, was a native

of Newton Stewart, in the north of Ireland ; but while a student at

Trinity College, Dublin, becoming an object of suspicion on account

of his sympathy with the unfortunate Robert Emmet, he emigrated to

this country, and finished his education in the University of Pennsyl-

vania, at Philadelphia, where he received the degree of Doctor of

Medicine.

Here he married Hannah Blythe, a Scotch lady,
— who was at the

time living with her aunt, Mrs. Ramsay,
— and settled himself in his

profession in a house on Ninth Street, ojjposite to the University ; and

in this house William B. Rogers was born. He was the second of four

sons,
— James, William, Henry, and Robert,— all of whom became

distiniruished as men of science.

Patrick Kerr Rogers, finding that his prospects of medical practice

in Philadelphia had been lessened in consequence of a protracted ab-

sence in Ireland, made necessary by the death of his father, removed to

Baltimore ;
but soon afterwards accepted the Professorship of Chem-

istry and Physics in William and Mary College, Virginia, made vacant

by the resignation of the late Robert Hare ; and it is a fact worthy of

notice, that, while he succeeded Dr. Hare at William and Mary Col-

lege, his oldest son, James, succeeded Dr. Hare at the University

of Pennsylvania. At William and Mary College the four brothers

Rogers were educated ; and on the death of the father, at Ellicott

Mills, in 1828, William B. Rogers succeeded to the professorship thus

made vacant.

He had already earned a reputation as a teacher by a course of lec-

tures before the Maryland Institute in Baltimore during the previous

year, and after his appointment at once entered on his career as a

scientific investigator. At this period he published a paper on Dew,

and, in connection with his brother Henry, another paper on the Vol-

taic Battery,
— both subjects directly connected with his professorship.

But his attention was early directed to questions of chemical geology ;

and he wrote, while at William and Mary College, a series of articles

for the Farmer's Register on the Green Lands and Marls of Eastern

Virginia, and their value as fertilizers. Next we find the young Pro-

fessor going before the legislature of Virginia, and, while modestly

presenting his own discoveries, making them the occasion for urging

upon that body the importance of a systematic geological survey for
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developing the resources of the State. So great was the scientific

reputation that Professor Rogers early acquired by such services, that

in 1835 he was called to fill the important Professorship of Natural

Philosophy and Geology in tlie University of Virginia ; and during

the same year he was appointed State Geologist of Virginia, and

began those important investigations which will always associate his

name with American geology.

Professor Rogers remained at the head of the Geological Survey of

Virginia until it was discontinued, in 1842, and published a series of

very valuable annual reports. As was anticipated, the survey led to

a large accumulation of material, and to numerous discoveries of great

local importance. As this was one of the earliest geological surveys

undertaken in the United States, its directors had in great measure to

devise the methods and lay out the plans of investigation which have

since become general. This is not the place, however, for such de-

tails ; but there are four or five general results of Professor Rogers's

geological work at this period which have exerted a permanent influ-

ence on geological science, and which should therefore be briefly

noticed. Some of these results were first published in the American

Journal of Science ; others were originally presented to the Associa-

tion of American Geologists and Naturalists, and published in its

" Transactions." Professor Rogers took a great interest in the organi-

zation of this association in 1840, presided over its meeting in 1845,

and again, two years later, when it was expanded into the American

Association for the Advancement of vScience.

In connection with his brother Robert, Professor "William B. Rogers
was the first to investigate the solvent action of water— especially

when charged with carl)onic acid — on various minerals and rocks ;

and by showing the extent of this action in nature, and its influence in

the formation of mineral deposits of various kinds, he was one of the

first to observe and interpret the important class of facts which are the

basis of chemical geology.

Another important result of Professor Rogers's geological work was

to show that the condition of any coal-bed stands in a close genetic

relation to the amount of disturbance to which the enclosing strata

have been submitted, the coal becoming harder and containing less

volatile matter as the evidence of disturbance increases. This gen-

eralization, which seems to us now almost self-evident,
— under-

standing, as we do, more of the history of the formation of coal,
—

was with Professor Ro"ers an induction from a great mass of observed

facts.
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By far, however, the most memorable contribution of Professor

Rogers to geology was that made iu connection with Henry D. Rogers,
in a paper entitled " The Laws of Structure of the more Disturbed

Zones of the Earth's Crust," presented by the two brothers at the

meeting of the Association of American Geologists and Naturalists,

held at Boston in 1842. This paper was the first presentation of what

may be called in brief the Wave Theory of Mountain Chains, This

theory was deduced by the brothers Rogers from an extended study
of the Appalachian chain in Pennsylvania and Virginia, and was sup-

ported by numerous geological sections and by a great mass of facts.

The hypothesis which they offered as an explanation of the origin of the

great mountain waves may not be generally received ; but the general
fact that the structure of mountain chains is alike in all the essential

features which the brothers Rogers first pointed out, has been con-

firmed by the observations of Murchison in the Ural, of Darwin in

the Andes, and of the Swiss geologists in the Alps.
" In the Appa-

lachians the wave structure is very simple, and the same is true in all

corrugated districts where the crust movements have been simple, and

have acted in one direction only. But where the elevating forces have

acted in different directions at different times, causing interference of

waves like a chopped sea, as in the Swiss Alps and the mountains of

Wales or Cumberland, the undulations are disguised, and are with

extreme difficulty made out." The wave theory of mountain chains

was the first important contribution to dynamical and structural geology

vrhich had been brought forward in this counti-y. It excited at the

time great interest, as well from the noveltv of the views as from the

eloquence with which they were set forth ; and to-day it is still re-

garded as one of the most important advances in orographic geology.

A marked feature of mountain regions is that rupturing of the strata

called faults ; and another of the striking geological generalizations of

the brothers Rogers is what may be called the law of the distribution

of faults. They showed that fiiults do not occur on gentle waves,

but in the most compressed flexures of the mountain chains, which

in the act of moving have snapped or given way at the summit where

the bend is sharpest, the less inclined side being shoved up on the plane

of the fault, this plane being generally parallel to, if it does not coincide

with, the axis plane ; and, further, that " the direction of these faults

generally follows the run of the line of elevation of the mountains, the

length and vertical displacement depending on the strength of the dis-

turbing force."

The last of the general geological results to which we referred
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above was published under the name of "William B. Rogers only. It

was based on the observed positions of more than fifty thermal springs

in the Appalachian belt, occurring in an area of about fifteen thousand

square miles, which were shown to issue from anticlinal axes and faults,

or fi'om poiiUs veiy near such lines ; and in connection with these

springs it was further shown that there was a great preponderance of

nitroiren in the gases which the waters held in solution.

It must be remembered that, during the time when this ofeolosical

work was accomplished. Professor Rogers was an active teacher in the

University of Virginia, giving through a large i)art of the year almost

daily lectures either on physics or geology. Those who met him in

his after life in various relations in Boston, and were often charmed by
his wonderful power of scientific exposition, can readily understand the

effect he must have produced, when in the prime of manhood, upon the

enthusiastic youths who were brought under his influence. His lec-

ture-room was always thronged. As one of his former students writes,
" All the aisles would be filled, and even the windows crowded from

the outside. In one instance I remember the ci'owd had assembled

long before the hour named for the lecture, and so filled the hall that

the Professor could only gain admittance through a side entrance lead-

ing from the rear of the hall through the apparatus-room. These

facts show how he was regarded by the students of the University

of Virginia. His manner of presenting the commonest subject in

science — clothing his thoughts, as he always did, with a marvellous

fluency and clearness of expression and beauty of diction— caused the

warmest admiration, and often aroused the excitable nature of South-

ern youths to tiie exhibition of enthusiastic demonstrations of appro-

bation. Throughout Virginia, and indeed the entire South, his former

students are scattered, who even now remird it as one of the highest

privileges of their lives to have attended his lectures."

Such was the impression which Professor Rogers left at the Univer-

sity of Virginia, that, when he returned thirty-five years later to aid

in the celebration of the semi-centennial, he was met with a perfect

ovation. Although the memories of the civil war, which had inter-

vened, and Professor Rogers's known sympathies with the Northern

cause, might well have damped enthusiasm, yet the {presence of the

highly honored teacher was sufficient to rekindle the former admira-

tion
; and, in the language of a contemporary Virginia newspaper,

" the old students beheld before them the same William B. Rogers

who thirty-five years before had held them spellbound in his class of

natural philosophy ; and as the great orator warmed up, these men
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forgot tlieir age; they were again young, and showed their enthusi-

asm as wihlly as when, in days of yore, enraptured by his eloquence,

they made the lecture-room of the Uuiversity ring with their ap-

plause."

Besides his geological papers. Professor Rogers published, while at

the University of Virginia, a number of important chemical contribu-

tions, relating chiefly to new and improved methods in chemical analy-

sis and research. These papers were published in connection with his

youngest brother, Robert E. Rogers, now become his colleague as Pro-

fessor of Chemistry and Materia Medica in the University ;
and such

were the singularly intimate relations between the brothers that it is

often impossible to dissociate their scientific work. Among these

were papers
" On a New Process for obtaining Pure Chlorine

"
;

"A New Process for obtaining Formic Acid, Aldehyde, etc."; "On
the Oxidation of the Diamond in the Liquid Way

"
;

" On New In-

struments and Processes for the Analysis of the Carbonates"; "On
the Absorption of Carbonic Acid by Liquids

"
; besides the extended

investio-ation
" On the Decomposition of Minerals and Rocks by Car-

bonated and Meteoric Waters," to which we have referred above.

There was also at this time a large amount of chemical work con-

stantly on hand in connection with the Geological Survey, such as

analyses of mineral waters, ores, and the like. Moreover, while at

the University of Virginia, Professor Rogers published a short treatise

on " The Strength of Materials," and a volume on " The Elements of

Mechanics," — books which, though long out of print, were very use-

ful text-books in their day, and are marked by the clearness of style

and felicity of explanation for which the author was so distinguished.

The year 1853 formed a turning-point in Professor Rogers's life.

Four years previously he had married Miss Emma Savage, daughter

of Hon. James Savage of Boston, the well-known author of the New

England Genealogical Dictionary, and President of the Massachusetts

Historical Society. This connection proved to be the crowning bless-

ing of his life. Mrs. Rogers, by her energy, her intelligence, her

cheerful equanimity, her unfailing sympathy, became the promoter of

his labors, the ornament and solace of his middle life, and the devoted

companion and support of his declining years. Immediately after his

marriage, June 20, 1849, he visited Europe with his wife, and was

present at the meeting of the British Association for tlie Advancement

of Science, held that year at Birmingham, where he was received with

great warmth, and made a most marked impression. Returning home

in the autumn, Professor Rogers resumed his work at the University
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of Virginia ; but the new fomily relations which had been established

led in 1853 to the transfer of his residence to Boston, where a quite

different, but even a more important, sphere of usefulness surrounded

him. His wide scientific reputation, as well as his family counectiou,

assured him a warm welcome in the most cultivated cii'cles of Boston

societ}', where his strength of character, his power of imparting knowl-

edge, and his genial manners, soon commanded universal respect and

admiration. He at once took an active part in the various scientific

hiterests of the city. From 1845 he had been a Fellow of this

Academy ; and after taking up his residence among us he was a fre-

quent attendant on our meetings, often took part in our proceedings,

became a member of our Council, and from 1863 to 18G9 acted as our

Corresponding Secretary. He took a similar interest in the Boston

Society of Natural History. He was a member, and for many years

the President, of the Thursday Evening Scientific Club, to which he

imparted new life and vigor, and which was rendered by him an im-

portant field of infiuence. The members who were associated with

him in that club will never forget those masterly expositions of recent

advances in physical science
;
and will remember that, while he made

clear their technical importance to the wealthy business men around

him, he never failed to impress his auditors with the worth and dignity

of scientific culture.

During the earlier years of his residence in Boston, Pi-ofessor Rogers

occupied himself with a number of scientific problems, chiefly physical.

He studied the variations of ozone (or of what was then regarded as

ozone) in the atmosphere at the time when this subject was exciting

great attention. He was greatly interested in the improvements of

the Ruhmkorff Coil made by Mr. E. S. Ritchie ; and in this connec-

tion published a paper on the " Actinism of the Electric Discharge in

Vacuum Tubes." A study of the phenomena of binocular vision led

to a paper entitled "
Experiments disproving by the Binocular Com-

bination of Visual Spectra Brewster's Theory of Successive Combina-

tions of Corresponding Points." A paper discussing the phenomena of

smoke rings and rotating rings in li(iuids appeared in the American

Journal of Science for 1858, with the description of a very simple but

effective apparatus by which the phenomena would be readily re-

produced. In this paper Professor Rogers anticipated some of the

later results of Ilelraboltz and Sir William Thomson. In the same

year an ingenious illustration of the properties of sonorous flames was

exhibited to the Thursday Evening Club above mentioned, in which

Professor Rogers anticipated Count Schafgottsch in the invention of a

VOL. XVIII. (n. s. X.) 28
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beautiful optical proof of the discontinuity of the singing hydrogen
flame.

lu 1861 Professor Kogers accepted from Governor Andrew the

office of Inspector of Gas and Gas-Meters for the State of Massachu-

setts, and organized a system of inspection in which he aimed to apply

the latest scientific knowiedo;e to this work ; and in a visit he again

made to Europe in 18G4 he presented, at the meeting of the British

Association at Bath, a paper entitled " An Account of Apparatus and

Processes for Chemical and Photometrical Testing of Illuminating

Gas."

During this period he gave several courses of lectures before the

Lowell Institute of Boston, which were listened to with the greatest

enthusiasm, and served very greatly to extend Professor Rogers's repu-

tation ill this community. Night after night, ci'owded audiences, con-

sisting chiefly of teachers and working-people, were spellbound by his

wonderful power of exposition and illustration. There was a great

deal more in Professor Rogers's presentation of a subject than felicity

of expression, beauty of language, choice of epithets, or significance of

gesture. He had a power of marshalling facts, and bringing them all

to bear on the point he desired to illustrate, which rendered the rela-

tions of his subject as clear as day. In listening to this powerful ora-

tory one only felt that it might have had, if not a more useful, still a

more ambitious aim ; for less power has moved senates and determined

the destinies of empires.

The interest in Professor Rogers's lectures was not excited solely,

however, by the charm of his eloquence ; for, although such was the

felicity of his presentations, and such the vividness of his descriptions,

that he could often dispense with the material aids so essential to most

teachers, yet when the means of illustration were at his command he

showed his power quite as much in the adaptation of experiments as in

the choice of language. He well knew that experiments, to be effect-

ive, must be simple and to the point; and he also knew how to im-

press his audience with the beauty of the phenomena and with the

grandeur of the powers of nature. He always seemed to enjoy any

elegant or striking illustration of a physical principle even more than

his auditors, and it was delightful to see the enthusiasm which he

felt over the simplest phenomena of science when presented in a

novel way.
We come now to the crowning and greatest work of Professor

Rogers's life, the founding of the Massachusetts Institute of Tech-

nology,
— an achievement so important in its results, so far-reaching
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in its prospects, and so complete in its details, that it overshadows all

else. A great preacher has said that "
every man's life is a plan of

God's." The faithful workman can only make the best use of the

opportunities which every day offers ; but he may be confident that

work faithfully done will not be for naught, and must trustingly leave

the issue to a higher jxtwer. Liltle did young Rogers think, when

he began to teach in Virginia, that he was to be the founder of a great

institution in the State of Massachusetts ; and yet we can now see

that the whole work of his life was a preparation for this noble destiny.

The very eloquence he so early acquired was to be his great tool ; his

work on the Geological Survey gave him a national reputation which

was an essential condition of success ; his life at the University of

Viiginia, where he was untrammelled by the traditions of the older

universities, enabled him to mature the practical methods of scientific

teachiuii which were to commend the future institution to a workings

community ; and, most of all, the force of character and large human-

ity developed by his varied experience with the world were to give

him the power, even in the conservative State of his late adoption, W
mould legislators and men of affairs to his wise designs.

It would be out of place, as it would be unnecessary, to dwell in

this connection on the various stages in the development of the Insti-

tute of Teclinorogy. Tlie facts are very generally known in this com-

munity, and the story has been already well told. The conception

was by no means a sudden inspiration, but was slowly matured out

of a far more general and less specific plan, originating in a com-

mittee of large-minded citizens of Boston, who in 1859, and again

in 1860, petitioned the legislature of Massach\xsetts to set apart a

small portion of the land reclaimed from the Back Bay
"
for the use

of such scientific, industrial, and fine arX institutions as may associate

together for the public good." The large scheme failed ; but from the

failure arose two institutions' which are the honor and pride of Bos-

ton,
— the Museum of Fine Arts and the Institute of Technology. In

the further development of the Museum of Fine Arts Professor Rogers
had only a secondary influence ; but one of his memorials to the legis-

lature contains a most eloquent statement, often quoted, of the value

of the fine arts in education, which attests at once the breadth of his

culture and the largeness of his sympathies.

Although the committee of gentlemen above referred to had failed

to carry out their general plan, yet the discussions to which it gave
rise had developed such an interest in the establishment of an institu-

tion to be devoted to industrial science and education that they deter-
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mined upon taking the preliminary steps towards the organization of

such an institution. A sub-committee was charged with preparing a

plan ; and the result was a document, written by Professor Rogers,

entitled
"
Objects and Plan of an Institute of Technology." That

document gave birth to the Massachusetts Institute of Technology, for

it enlisted sufficient interest to authorize the committee to go forward.

A charter with a conditional grant of land was obtained fi'om the

legisl'iture in 18G1, and the institution was definitely organized, and

Professor Rogers appointed President, April 8, 1862. Still, the final

plans were not matured and it was not until May 30, 1864, that the

government of the new institution adopted the report prepared by its

President, entitled "
Scope and Plan of the School of Industrial Sci-

ence of the Massachusetts Institute of Technology," which Dr. Runkle

has called the "intellectual charter" of the institution, and which he

states
" has been followed in all essential points to this very day." In

striking confirmation of what we have written above, Dr. Runkle fur-

ther says :
—

" In this document we see more clearly the breadth, depth, and

variety of Professor Rogers's scientific knowledge, and his large ex-

perience in college teachuig and discipline. It needed just this com-

bination of acquirements and experience to put his conceptions into

working shape, to group together those studies and exercises which

naturally and properly belong to each professional course, and thus

enable others to see the guiding lines which must direct and limit their

work in its relations to the demands of other departments
" The experimental element in our school— a feature which has

been widely recognized as characteristic— is undoubtedly due to the

stress and distinctness given to it in the '

Scope and Plan.' In our

discipline we must also give credit to the tact and large-hearted ness of

Professor Rogers in the fact that we are entirely free from all petty

rules and regulations relating to conduct, free from all antagonism

between teachers and students."

The associates of Professor Rogers in this Academy — many of

them his associates also in the Institute of Technology, or in the

Society of Arts, which was so important a feature of the organization
—

will remember with what admiration they watched the indefixtigable care

with which its ever active President fostered the young life of the insti-

tution he had created. They know how, during the earlier years, he

bore the whole weight of the responsibility of the trust he had volun-

tarily and unselfishly assumed for the public good ; how, while by his

personal influence obtaining means for the daily support of the school,
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he gave a great part of the instruction, and extended a personal regard

to every individual student committed to his charge. They recall with

what wisdom, skill, tact, and patience he directed the increasing means

and expanding scope of the now vigorous institution, overcoming

obstacles, reconciling differences, and ingratiating public favor. They
will never forget how, when the great depression succeeded the un-

healthy business activity caused by the civil war, during which the

institution had its rise, the powerful influence of its great leader was

able to conduct it safely through the financial storm. They greatly

grieved when, in the autumn of 18G8, the great man who had accom-

plished so much, but on whom so much depended, his nerves fatigued

by care and overwork, was obliged to transfer the leadership to a

younger man ; and ten years later were correspondingly rejoiced to see

the honored chief come again to the front, with his mental power un-

impaired, and with adequate strength to use his well-earned influence

to secure those endowments which the increased life of the institution

required ; and they rejoiced with him when he was able to transfer to a

worthy successor the completed edifice, well established and equipped,
—

an enduring monument to the nobility of character and the consecra-

tion of talents. They have been present also on that last occasion,

and have united in the acclamation which bestowed on him the title

" Founder and father perpetual, by a patent indefeasible." They have

heard his feeling but modest response, and have been rejoicing though

tearful witnesses when, after the final seal of commendation was set, he

fell back, and the great work was done.

We honor the successful teacher, we honor the investigator of

nature's laws, we honor the upright director of affairs,
— and our late

associate had all these claims to our regard ; but we honor most of

all the noble manhood,— and of such make are the founders of great

institutions. In comparison, how empty are the ordinary titles of dis-

tinction of which most men are proud ! It seems now almost trivial

to add that our associate was decorated with a Doctor's degree, both by
his own University and also by the University at Cambridge ; that he

was sought as a member by many learned societies ; that he was twice

called to preside over the annual meetings of the American Association

for the Advancement of Science ; and that, at the death of Professor

Henry, he was the one man of the country to whom all pointed as the

President of the National Academy of Science. This last honor, how-

ever, was one on which it is a satisfaction to dwell for a moment,

because it gave satisfaction to Professor Rogers, and the ofiice was one

which he greatly adorned, and for which his unu&ual oratorical abilities
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were so well suited. He was a most admirable presiding oflScer of a

learned society. His breadth of soul and urbanity of manner insensibly

resolved tlie discords which often disturb the harmonies of scientific

truth. He had the delicate tact so to inti'oduce a speaker as to win in

advance the attention of the audience, without intruding his own per-

sonality; and when a paper was read, and the discussion closed, he

would sum up the argument with such clearness, and throw around the

subject such a glow of light, that abstruse results of scientific investi-

gation were made clear to the general comprehension, and a recognition

gained for the author which the shrinking investigator could never

have secured for himself. To Professor Rogers the truth was always

beautiful, and he could make it radiant.

It is also a pleasure to record, in conclusion, that Professor Rogers's

declining years were passed in great comfort and tranquillity, amidst

all the amenities of life ; that to the last he had the companionship of

her whom he so greatly loved ; and that increasing infirmities were

tended and the accidents of age warded off with a watchfulness that

only the tenderest love can keep. We delight to remember him in

that pleasant summer home at Newport, which he made so fully in

reality as in name the "
Morning-side," that we never thought of him

as old, and to believe that the morning glow which he so often watched

spreading above the eastern ocean was the promise of the fuller day

on which he has entered.

NATHANIEL THAYER.

Nathaniel Thayer died at his residence in Boston, March 7,

1883, in the seventy-fifth year of his age, and his well-rounded life,

ripe in experience as well as years, can be looked back upon as suc-

cessful in all that gives that word its best significance. He was born

in Lancaster, September 11, 1808, and was educated iu the same place.

His father, Rev. Dr. Nathaniel Thayer, was minister in that town for

nearly fifty years. The very high character of his parents, and all the

influences surrounding the years of his youth, tended to implant in the

young man the genius that found so rich fruition as he grew to man-

hood. It is too true, that in the richest soil weeds are most apt to

abound ; and a parallel is often found in the waste of opportunities

which should furnish the way to the best and highest development.

In Mr. Thayer's case we see an instance where, from early youth, his

tastes and inclinations led his sympathies into association only with

the best, so that at all times it was a pleasure and a compliment to be
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his friend. He was very clear and strong in his estimate of men,

wliich miide him a warm, sincere, and devoted friend to those whom
he received into his confidence ;

and his relations with many whom
the community has most esteemed were especially pleasant and inti-

mate. The writer recalls the almost brotherly relations he held with

many who have been of most service to their day and generation.

To make others happy was Mr. Thayer's highest enjoyment ; and

could the many he has assisted be gathered together, those who knew

him most would be surprised at the multitude. What has been done

by Mr. Thayer for Harvard College, for Lancaster (his native town

and the place of his summer residence), is well known in this com-

muuity ; but what he has done to assist young men to their education,

to aid tlie widows and families of needy friends and acquaintances, and

indeed in a hundred ways, will never be known.

For many years Mr. Thayer, in partnership with his deceased brother,

constituted the firm of John E. Thayer and Brother, in Boston, a

firm chiefly concerned in the development of the railroad enterprises

which have opened the West to intercourse and traffic. Mr. Thayer

had the highest sense of business honor, and no name stood higher,

the world over, than that of his firm. The springs of action with him

were from a deep, conscientious appreciation of the duties attending

success,
— which comes not of "

luck," as so many think, but through

careful, well-matured, systematic conduct of business af!iiirs. It is

common for many to judge harshly the men who have been successful

in business, and one often hears that it is not possible to be an honest

man of business ; but they little understand that honor and honesty

go quite as far as capital in giving business men their standing. Those

who knew the subject of this article best need not to be told that he

never wilfully wronged any one. All are fallible, and may be in

error as to what will prove to be the best permanent investment of

money ; but he made fewer mistakes in this direction than most men

who have managed so large a business.

In his family relations Mr. Thayer was all that was tender and

lovely,
—

thoroughly unselfish. His sympathies were always quick to

appreciate what would be for the permanent good of the community

and individuals, and he was always ready to assist what commended

itself to his judgment. He was strong, manly, self-reliant, pure-

hearted,— eager to do his part, and more than his part, to raise the

community to a higher level, by aiding institutions of learning, charity,

art, or science, and promoting with generous gifts all that the best citi-

zens most esteem.
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Nathaniel Thayer was one among the more munificent benefactors

of Harvard College who chose to bestow their valued gifts during

their own lifetime, having the privilege of witnessing the good uses

which they serve. While Mr. Thayer's generosity has its evidences

on the subscription papers and donation books of all our multiplied

institutions and agencies of science, art, culture, mercy, and charity,

his direct benefactions to Harvard University, represented by buildings,

endowments, and permanent deposits, exceed a quarter of a million

dollars, and include his expenditures on "
Thayer Hall,"

"
Thayer

Commons Hall,"
"
Gray Herbarium," the "

Thayer Expedition," etc.

This gross sum is in addition to a considerable amount which for a

lou<>- series of years, through channels of his own choosing, he has dis-

tributed as pecuniary aid to students in the College, and to scholars in

preparation for it.

Thayer Hall, erected in 1870, and whose full cost exceeded a hun-

dred thousand dollars, was designed by him as a memorial gift com-

memorative of his father, Rev. Nathaniel Thayer, D. D., and of his

brother, John Eliot Thayer.

His father, Rev. Dr. Thayer, was the honored and revered minister

of tlie beautiful town of Lancaster, in the fair valley of the Nashua, for

nearly half a century. Whatever changes necessity or expediency in

time to come may introduce in modifying the obligations and relations

of Harvard College to the supply of ministers for the churches, it may
be claimed that it has, for at least two centuries, answered fully to the

intent and pledge of its first planting by a twofold recognition of its

responsibility in this direction, and of a large return of gratitude for

its services. It has furnished the churches of New Eno;land with a

succession of faithful Christian ministers ; and it has received from

the sons of such ministers many of its most devoted and esteemed

officers and instructors, and many of its most liberal endowments.

Quite a consideralile list might be made of the sons of country minis-

ters— some of them, like their fathers, alumni of Harvard, and others

wlio had not enjoyed that privilege
— who have spent their lives in the

service of the institution, or who have left there generous deposits of

the wealth accpiired in professional or mercantile life. Di-. Thayer of

Lancaster — himself the son of a country minister who had graduated
at Harvard in 17.33, and a lineal descendant on the maternal side of

the famous John Cotton of the old and the new Boston— was a class-

mate and life-long friend of President Kirkland, of the class of 1789.

In dignity, and in the graces and virtues of character, he was one of

the best examples of that class of ministers to whom all our old vil-
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lages and towns since their first settlement looked up for the best

instruction and the most faithful guidance in all the uobler interests of

life. His gravity and serenity of look and mien gave him a sort of

Washingtonian dignity. He belonged to a fellowship of divines very
remarkable in their period for weight of professional character, en-

larged liberality of views, thorough scholarly culture, and a high tone

of life,
—

including such men as Kirkland, Freeman, Buckminster,

Thacher, Bancroft, Channing, and Ware. He was for many years the

sole minister of a town of about two thousand inhabitants, and was held

in true esteem and love by all his people. Probably no higher or purer

gratification could have been afforded him, could he have had the fore-

knowledge or assurance of it, than that among the venerable halls of

the College where he had sjient years of happy and faithful pupilage

the filial devotion of a son would rear one that should bear his name.

At a time when the high price of board at Cambridge pressed very

heavily on the poorer students, Nathaniel Thayer performed for the

College another service most needful and helj^ful, in jDroviduig a place

and means for such students as wished to avail themselves of a com-

mons hall for boarding at low cost. He enlarged considerably, and

in large part furnished, the former station of a branch of the Fitch-

burg Railroad in Cambridge, as the Thayer Commons Hall. This

was in 1865, and it was successfully occupied for ten years, till Memo-

rial Hall gave to the students a splendid new room for that purpose.

It was understood that Mr. Thayer expended more than $8,000 in

securing and fitting his Commons Hall. Its affairs were managed by
the students who there took their meals, the expense to them being

simply the cost of the materials for their food, and its preparation.

Many of the students who sat at those tables were doubtless the guests

of the host.

It was substantially in the service of the University that Mr. Thayer
so generously assumed the whole cost of Professor Agassiz's vigorous

and most fruitful visit of exploration and research to South America,

known as the "
Thayer Expedition." This was in the interests of

high science, and it has proved the basis of and incitement to advanced

stages already reached, and of infinite progress still inviting its pupils.

It is believed that the only hesitancy in facing the known and possible

obligations to which Mr. Thayer committed himself in this enterprise

was in his humorous lament to Professor Agassiz as to the enox'mous

amount of alcohol needed to prepare the fishes of which he appeared
to empty the ocean.

The relations between Mr. Thayer and Professor Agassiz were those
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of the warmest regard and the fullest gratitude. While Agassiz would

receive no personal emolument for his laborious work, he had the most

generous sense of the claims of high science on men of wealth, and he

deli"-hted to give them the most favorable opportunities for advan-

cing it.

Another of the admirable provisions made by Mr. Thayer, through

his friend Professor Gray, in meeting the ever-multiplying needs of

the University, was in erecting and furnishing, in 1874, at a cost of

over $ 15,000, the fire-proof Herbarium ou the grounds of the Botanic

Garden.

ASSOCIATE FELLOWS.

CHARLES AVERY.

Charles Avert was born in Munson, Mass., July 29, 1795. He
died at his home in Clinton, N. Y., May 20, 1883. He was the son

of Gardner Avery and Amy Newell, who in 1810 removed with their

large family to Sauquoit, Oneida Co., N. Y. He belonged to a gen-

eration which is now fast passing away, when the advantages for

education were comparatively rare, and were prized in proportion to

their rarity. His early education was the result of his own energy

and thirst for knowledge. He early evinced a marked taste for stud-

ies in mathematics and science. In a sketch of his own life he said,

" At the awe of seventeen I found myself at evening solving questions

in arithmetic which had been proposed by young pedagogues as chal-

lenges." This was the awakening of that love for mathematical in-

vestigation which characterized his entire life,
— a love to which he

gave expression in his old age when he spoke of " the delightful

science of figures."

Id 1816 he entered Hamilton College, was graduated in 1820, and

on October 1, 1822, was married to Delia Strong, daughter of Rev.

Joseph Strong of Heath, and sister of Professor Theodore Strong, the

distinguished mathematician. After completing his college studies he

was engaged for fourteen years in teaching in various academies in

the State "of New York,— viz. at Horner, Fairfield, and Belleville.

His work as an instructor was successful in a high degree. His

success at Horner was such as to give him considerable reputation,

and to secure him a call to Fairfield,
— a call, the wisdom of which
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was justified by the immediate additions to the fame and prosperity

of the school.

At Fairfiehl he became favorably known as a mathematician, and

students came in some instances from HamiltoD College to Ftwtfield

to profit by bis instructions. His object in removing from Belleville

to Clinton was, in part at least, to open a school for the study of the

exact sciences. "
Mere," said he,

" I could indulge in the bigher analy-

sis to my heart's content. This I did to my own satisfaction, and

much to tlie delight of my pupils."

In 1834, he was appointed "Professor of Chemistry and Natural

Philosophy in Hamilton College, the only appointment which has

ever been made in that institution to that double chair. The winter

of 1834-35 he spent in New Haven in order to attend the lectures of

Professor Silliman. He entered upon his work with great enthusiasm,

and in a short time brought the department of chemistry, which had

suffered from neglect, into a respectable prominence. His success,

particularly in detecting poisons, gave him a reputation as an analyst

of decided ability, and numerous cases in which questions of medicine

and law were involved were brought to him for solution. He intro-

duced into his department, for the first time, the study of chemical

analysis and agricultural chemistry, and made the chemical equipment

of the College, which had been very meagre, so good as to compare

favorably with the best endowed colleges in the land. On November

14, 1838, he was elected a Fellow of the American Academy of Arts

and Sciences.

Keenly alive to all matters of experiment or investigation, he en-

tered with great zeal into the studies of Daguerre. He took the first

daguerrotype ever taken in this country west of Albany, and it might

be said ^vest of Neiv York, since he taught the artists in Albany

how the work could be successfully done. It was owing to his exper-

iments in this art that his health was for a time seriously impaii'ed.

In 1844 he was taking daguerrotypes in Rome, N.Y. The oper-

ating-room was also used as a lodging-room. The vapors of bromine

had so impregnated the air as to make it poisonous, and the sleep of

one night resulted in serious and protracted illness. He early saw

the value and prominence which astronomical studies were to assume

in this country, and largely through his own efforts secured for Ham-

ilton College an Astronomical Observatory. By personal effort Pro-

fessor Avery added largely to the funds of the College, securing in

three different financial campaigns more than one hundred and thirty

thousand dollars. During the year which intervened, between the
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resiirnation of Dr. Fisher and the inauguration of Dr. Braun, by

request of the Trustees he acted as President of the College. In

1869, having reached the age of seventy-four, he resigned his chair of

instruction.

The closing years of his life were passed quietly in Clinton. A
green and cheerful old age, free from complaint and full of genial

sympathy, was his enviable portion. He kept up his studies to the

end. His mind was characterized by strength and clearness in all

lofical processes. He was a close observer, and much given to reflec-

tion. He was deliberate and cautious in forming his conclusions, and

believed nothing so important as accuracy and truth. In all his inter-

course with men he was conspicuous for candor and simplicity. He

uniformly looked upon the bright side of life. A fund of native

humor was always at his command, and he loved the pleasures of

social life, which he could well enliven with anecdote and repartee.

He was singularly charitable in all his judgments. At peace with

God and man, he fell asleep in a good old age, leaving the i-ecord of a

good and useful life, and beloved and lamented by all who knew him.

HENRY DRAPER.

Henry Draper was born, March 7, 1837, in Prince Edward

County, Virginia. He died in November, 1882. His father, Professor

John W. Draper, early directed his sou's thoughts toward science, and

the researches of the son seem to have been the outcome of the father's

work. By the death of Henry Draper, the world has lost the accumu-

lated scientific experience of two lives.

John W. Draper began his scientific career as Professor of Chemistry

at Boydton, Virginia. It was here that Dr. Henry Draper was born.

In 1839 the father was appointed Professor of Chemistry in the Uni-

versity of New York, and the son, at the age of fifteen, entered the

Freshman Class of the institution over which the father presided.

During the Junior year he left college, entered the Medical School,

and graduated with the degree of Doctor in Medicine in 1858. His

graduating thesis was a valuable investigation upon the functions of

the spleen, by means of microphotography. During the process of this

work he discovered the use of palladium protochloride in darkening

collodion negatives. His work in college, and especially in the Medi-

cal School, gave promise of his future distinction. Those who knew

him at that time speak of his scientific tastes and of his bright and

active mind. • He spent the year aftei" his graduation in Europe, and
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was especially interested in instruments and appliances for Sfientific

research. It is said that a visit to Lord Rosse's great reflecting

telescope turned his attention especially to solar physics. On his

return, he entered Bellevue Hospital as an assistant, and retained

the position sixteen months. It was his intention to become a prac-

tising physician, but in 1860 he accepted the position of Professor

of Physiology in the academic department of the University of New-

York. The civil war, which had just begun, called for the services of

all trained young men, and he was appointed, in 1862, surgeon of the

Twelfth Regiment of New York Volunteers.

In 186G he was appointed to the chair of Physiology in the Med-

ical School, and continued in this position until 1873. The present

flourishing condition of the School is said to be largely due to his

enthusiasm, to his personal contributions, and to his executive ability.

While occupying the chair of Physiology he was engaged in many
researches. With a fifteen and a half inch reflecting telescope, con-

structed under his supervision, he took photographs of the moon fifty

inches in diameter. In 1872 he built with his own hands a reflecting

telescope of twenty-eight inches' aperture, and, in August, 1872, first

succeeded in jjhotographing a star spectrum,
— that of Vega. During

the same year he made a photograph of the diffraction spectrum of

the sun, extending from the neighborhood of G to O.

There seem to have been two epochs in his scientific career which

are marked by his contributions to science. In the first epoch, from

1864 to 1870, he published the following works :
— "A Text-Book of

Chemistry."
"
Philosophical Use of Silvered Glass Reflecting Tel-

escopes
"

(Phil. Mag.).
" Silvered Glass Telescopes and Celes-

tial Photography."
" Petroleum, its Importance and its History."

"American Contributions to Spectrum Analysis."
" Construction of a

Silvered Glass Telescope of fifteen and a half inches' Aperture, and

its Use in Celestial Photography" (Smithsonian Institution Contribu-

tions, Vol. XIV., 1864).

From 1872, and onward till his death, photography played an im-

portant part in all his researches, the second epoch having been

prepared for during the first. The following are the principal papers

which have been published :
— "On the Diffraction Spectrum Photog-

raphy" (American Journal of Science, 1872). "Astronomical Ob-

servations on the Atmosphere of the Rocky Mountains
"
(American

Journal of Science, 1877). "Spectra of Venus and a Lyra3 in 1877"

(American Journal of Science).
"
Discovery of Oxygen in the Sun

by Photography, and a new Theory of the Solar Spectrum."
" On
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the Coincidence of the Bright Lines of the Oxygen Spectrum witli

Bright Lines in the Solar Spectrum," 1877. "
Eclipse of the Sun in

July, 1878" (published in 1878). "Photographing the Spectra of the

Stars and Planets," 1879. "
Photography of Jupiter's Spectrum, and

Photographs of the Nebula in Orion," 1880. "Photographs of the

Spectrum of the Comet of June, 1881."

His Avork upon the photography of stellar spectra continued from

1872 until his death, and he has left a large number of valuable pho-

tographs, which promise to exercise great influence upon the direction

of modern astronomical investigation. Although he began with the

use of reflectors, most of his subsequent astronomical work was done

with an eleven and a half inch refractor. With this instrument he

made his well-known photographs of the Nebula of Orion.

In 1874 he superintended the photographic work of the Transit of

Venus Commission, and the United States government in honor of his

able work caused a special gold medal to be struck, which bears upon
the face the words,

" Decori decus addit avito," and upon the reverse,
" Famam extendere factis, hoc virtutis opus."

Perhaps his most famous investigation is that upon the presence

of oxygen in the sun. The results of this investigation are, if fully

substantiated by subsequent observers, extremely important. The

method of procedure was to photograph the solar spectrum side by
side with that of oxygen. The entire investigation is well worthy of

study, not from its results alone, but from its refined and delicate

methods. In the photograplis the bright lines of the oxygen spectrum

coincide with certain bright spaces between the dark lines of the solar

spectrum. In regard to the conclusions of Dr. Draper, Prof. C. A.

Young of Princeton remarks :
"
Naturally there has been some scep-

ticism and discussion as to the correctness and soundness of his con-

clusions ; but no one with an unprejudiced mind can, we think, resist

the evidence after careful examination of the plates, especially those

obtained during his second and still more elaborate investigation of

the subject in 1878-79." This investigation illustrates the scientific

position of Dr. Draper better, perhaps, than any we can choose. His

early training as a chemist, his active years spent in the mysteries of

photography, and his ample fortune, fitted him to undertake such an

investigation. It is by reflecting upon the methods of this work, and

upon its results, tlaat we can appreciate liow much the scientific world

has lost. At present, photography seems the most potent means for

studying the light of the stars, for unravelling the mysteries of the

sun, and for estimating the energy of molecular movements in general.
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The practical photographer speaks to-day of loading the molecules by

putting various gums into emulsions in order to make the molecules

vibrate slower. This metaphorical expression is extremely suggestive,

and opens to the imagination the immense field iu which Dr. Draper
was a master. Photography has already shown us the solar spectrum
far beyond the limits of the visible red, and it is said that, had Dr.

Draper lived even thi'ough the brief space of a twelvemonth longer,

he would have succeeded in photographing stars which could not be

detected, through the telescope he was using, by the eye-

GEORGE PERKINS MARSH.

George Perkins Marsh was born at Woodstock, in the State of

Vermont, on the loth of March, 1801. He was elected an Associate

Fellow in Class III., Section 2, of the Academy, on the 29th of Jan-

uary, 1851. He died at Vallombrosa, in Italy, on the 24th of July,

1882, closing peacefully a long career of great and unceasing useiul-

ness in the service of the republic and of learning.

AVe cannot wonder that the death of a man so pure, so kindly, so

noble and earnest in purpose, and so strong in deed, should call forth,

as it does, the reverent and loving sorrow of two nations that he loved

perhaps equally, and which he had successfully striven to bring into

relations of serviceable friendship during the years in which he repre-

sented the one at the court of the other. This republic has lost a

loyal, watchful, wise, and able servant, who has caused its name to be

honored and loved, not only by reason of his eminent diplomatic ser-

vices during twenty-five years, but also by the power of his personal
worth. United Italy grieves as for a foster-father, who brought to

the help of its trembling infancy the strong sympathy of a stuixly re-

public in the vigor of its early prime. Perhaps it will never be fully

known how jrreatly this noble man strengthened the hands of both the

kings of new Italy, as they struggled to break away from the chains

of priestcraft and the relics of feudalism into the freedom of self-

government.
How high a rank our late Associate held as a student and expounder

of truth in the fields of natural science, of philosophy, of political

economy, of archaeology, of philology, and of literature, is attested

by the many learned societies, both in this and in other countries, that

deemed it an increase of honor to themselves to write his name in

their lists of members.

What Mr. Marsh was as a friend and counsellor is happily known
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to many whom his generous heart embraced in those intimate relations.

How dear he must have been to those who stood within the circle of

his family, they alone can know. We feel that their loss is unspeaka-

ble, and we can only draw near to their sacred sorrow with our best

offerings of earnest sympathy for them, and of profound reverence and

admiration for him.

Such is the mnn whose name death has struck from our roll. We
look with desire for a full account of his life from some hand compe-
tent to the grateful task. In such a memoir we shall hope to find a

just estimate of Mr. Marsh's public services to his native State and to

the Republic, both at home and abroad, and also of his scientific and

literary work. In the mean while a short outline of his life may fitly

be put on record here, together with a brief account of his published

writings.

George Perkins Marsh was graduated a Bachelor of Arts by Dart-

mouth College in the class of 1820. He also received from his College

the Master's degree in course. Harvard College and Delaware Col-

lege honored him with the degree of Doctor of Laws in 1859, and

Dartmouth College did the same in 1860. He was, at the time of his

death, a member of this Academy, of the Massachusetts Historical

Society, and of the American Philosophical Society, not to speak of

others in this country, and of many foreign societies.

Having taken his first college degree, Mr. Marsh established him-

self at Burlington, Vermont, where he read and practised law. In

1835 he served in the legislature of Vermont, and he represented that

State in Congress from 1842 to 1849. In the latter year he was com-

missioned by President Taylor as Minister Resident of the United

States at Constantinople. He remained at that post until 1853. In

1852 the United States intrusted him with a special mission of pecu-

liar delicacy to the King of Greece,
" to adjust the difficulties that had

sprung up between the Greek government and the Rev. Jonas King,

acting Vice-Consul of the United St ;tes." The profound knowledge of

the principles of international law, as well as of the Greek constitu-

tional law, which Mr. Marsh displayed in his masterly conduct of these

negotiations, appears to have made a strong impression of his learning

and skill among European statesmen. At the close of his residence at

Constantinople, Mr. Marsh returned to America, where his executive

ability and scientific acquirements were at once enlisted in various

public services by his native State. The years between 1853 and

1801 were spent by Mr. Marsh in these services, and in preparing and

publishing several philological and scientific works, and in delivering
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lectures in "Washington, New York, and Boston. In 1861 President

Lincoln accredited Mr. Marsh as Envoy Estraordiiiary and Minister

Plenipotentiary of the United States at the Court of Italy. He con-

tinued to hold this honorable office until he died.

Besides numerous minor writings, including his contributions to peri-

odical publications, and besides any writings whicli his literary execu-

tors may yet bring to light, Mr. Mai-sh left several larger published

works which may conveniently be arranged in two classes.

To the first class belong the two works entitled, i-espectively, "The

Earth as Modified by Human- Action," and "The Camel, his Organ-

ization, Habits, and Uses, considered with Reference to his Introduc-

tion into the United States." The former of tliese books is a corrected

and enlarged edition of an earlier work of the same author, entitled

"Man and Nature, or Physical Geography as modified by Human

Action."

This book, upon which Mr. Marsh's reputation could well afford to

rest, is, like his other works, characterized by thoroughness, earnest-

ness and practical good sense. It does not profess to Ije a scientific

work, but to address itself to the common sense of men of average

intelligence, for purposes merely practical.

The work is so complex in its structure, and so full of details as

heterogeneous as they are important, that it can only be analyzed in

the most general terms. Its general scope is to exhibit the exceptional

position of man, as distinguished from all other living organisms, in

respect to the power of infiuencing the aspect and the operations of Na-

ture ; and to inculcate the wisdom and the duty of directing this power

according to the dictates of sound reason and the teachings of experience,

so as not only to reach the best results and avoid former errors, but

also to remedy, so far as is still iwssible, the evil already caused by

inexperience and want of caution.

INIan, who in his savage state is a mere consumer of what Nature

has provided, soon becomes a producer, using to that end, and modify-

ing to a remarkable extent, the powers of Nature of which he has

learned the secret more or less completely. That he shall learn it

most thoroughly so far as such knowledge is permitted to him, and

that he shall use due caution in his interference with Nature's sponta-

neous operations, is the author's wise endeavor.

Mr. Marsh approached the work in his wonted spirit of earnestness,

and with that faithful preparation which he brought to all that he at-

tempted. The works which he consulted ai-e more than three hundred

in number, and are written in a dozen languages. To give credit in

VOL. XVIII. (n. s. X.) 29
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detail to each author for what he has found useful in his works would

have encumbered the book with an intolerable bulk of references.

The author has wisely avoided doing so whenever the matter did not

seem to require, by its novelty or strangeness, the suppoi-t of some

recognized authority. In these cases the statement is generally given
in the woi-ds and with the name of the writer who is responsible for it.

The book has three principal divisions. First, an introductory

chapter exhibits the character, extent, and vai-iety of man's action

on Nature. Next, four chapters treat in detail of man's influence

upon animal and vegetable life, the forest, the waters, and the sands.

Finally, a most suggestive and useful chapter deals with the great

projects which this century has brought forth for the modification of the

physical character of our globe.

Under the first of these heads we are shown how some of the most

flourishing provinces of the Roman Empire have been brought to a

condition of hopeless decay by neglect of those terms which Nature

imposes upon those to whom she permits such wonderful control over

her own operations. Man, who could not exist in a civilized state

without in a measure unbalancing Nature's stable equilibrium, has per-

sistently exceeded that measure. His action has, on the whole, been

destructive, although in some places and in recent times there is a

reverse to this melancholy picture. There are regions first peopled by

Europeans not more than two hundred years ago which already show

signs of dilapidation.

The author then enters upon a detailed description of man's inter-

ference with Nature in respect to animal and vegetable life, showing
how he promotes the growth of certain species of plants and animals

often changing their nature in a wonderful degree by his care and cul-

tivation,
— how he greatly reduces the numbers of other animals and

plants, often altogether expelling certain animals from particular re-

gions, and sometimes, though rarely, effecting, or at any rate greatly

hastening, the annihilation of certain species. Mr. Marsh illustrates

the matter by copious examples culled from his prodigious and ency-

clopedic reading. It would be hopeless to attempt to give any ad-

equate idea of their variety and interest. Few men indeed are so

minutely acquainted with historical botany and zoology, and with the

practical side of natural history, as not to find in these pages a rich

harvest of the most interesting and instructive details.

No less remarkable is the author's chapter on forests, their position

in the economv of Nature, their influence on climate, on torrents and

inundations, on health, and the importance of man's operations involv-

ing their destruction or conservation.
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Waters and their management are treated with the same mastery

of details. It is shown how, by mau's various devices for obstructing,

directing, and in geueral governing water, the action of tides and the

fauna and flora of regions may be altogether changed, whether bene-

ficially or injuriously.

Even dry sands are invested with an interest not their own. The

value of dunes, and the details of their wise management, are made

the subject of one of the most interesting chapters of this most inter-

estinof book.

But the part of the work which will pei'haps most engage the atten-

tion of the general reader is the concluding chapter, in which Mr.

Marsh has examined by the light of wisdom and experience all the great

projects proposed within the last quarter of a century for the extensive

modification of the face of Nature. In this chapter he discusses such

vast su])jects as the cutting of isthmuses like Suez and Darien, the

proposed canal to open the Dead Sea, the Caspian and Azof Canal, the

flooding of the Lybian Desert, and the diversion of the Colorado River

for the reclaiming of the great Colorado Desert, and incidentally dis-

cusses such living questions as the damage caused by hydraulic mining,

and even the extent to which volcanic action may be subject to man'3

control. And lest the consideration of such immense results of man's

action should blind the reader to the equal imjjortance of little agencies

repeatedly brought into action, the author concludes his work with

this eminently philosophical remark. " In the vocabulary of Nature,"

says he,
"

little and great are terms of comparison only ; she knows

no trifles, and her laws are as inflexible in dealing with an atom as

with a continent or a planet."

This last remark is but one of many keen and clever bits of philoso-

phy with which the woi'k abounds. Mr. Marsh keeps ever in view

the peculiar needs and dangers of the two nations that shared his best

affections, America and Italy, and he is abundant in practical sugges-

tions for both countries. His views of history are large and clear,

especially in regard to the influence of education and of civil and re-

ligious liberty. The man's generous nature appears in this, as well as

in the frank tribute which he willingly pays to Elisee Reclus, his only

rival in this branch of literature.

Mr. Marsh's style is always clear and direct. In his choice of words

he is not rigidly a purist. "When such words as "degradation," mean-

ing the wearing away of the surface of a hill-side, or the like, or

"flotation," come handy, lie uses them without apology. Even the

American words " lumber
" and " lumberman "

he does not disdain.
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In a work of this nature mere diction is, of course, a secondary matter ;

yet the reader occasionally meets with some concise sentence which

reveals remarkable epigrammatic force, and a passage here and there

full of poetic beauty.

And if the reader would know liow a man occupied in the varied

labors of a life like Mr. Marsh's could find the time or the v/ill to pro-

duce a work like this, he will find his answer in the author's admirable

disquisition, on pages 11-14 of this book, upon the duty and profit of

learning to see.
"
Sight," says he, "is a faculty; seeing, an art. To

the natural philosopher, the descriptive poet, the painter, the sculptor,

and indeed every earnest observer, the power most important to culti-

vate, and at tlie same time hardest to acquire, is that of seeing what is

before him." This power Mr. Marsh had acquired to a high degree,

and had so well used it to fill his memory with an infinite variety of

useful facts that their expression, when digested in the alembic of his

judicious mind, must have been to him as much a delight and a neces-

sity as to another it would have been a labor and a weariness ; for from

the abundance of the heart the mouth speaketh.

The monograph on the Camel belongs to the period in which Mr.

Marsh was Minister of the United States at Constantinople. "The

practicabiUty and expediency of introducing the camel into the United

States
" had engaged his attention " as a problem of much economical

interest," even before he went to Turkey. In that country he was

able to investigate the subject yet more fully. He also turned to good

account several months of travel in Egypt, Nubia, Arabia Petrtea, and

Syria, and he likewise saw the camel at work in Constantinople and

at different points in Asia Minor. Besides these personal observations,

he gathered such information as he could by inquiry and correspondence,

and by consulting the books of travel and natural history to which he

had access. "
By these means," he says in his Preface,

" I arrived at

a strong persuasion of the probable success of a judiciously conducted

attempt to naturalize in the New World this oldest of domestic quad-

rupeds, and at the same time I collected most of the materials which

compose the following pages." After his return to America he added

to his previous sources of information the valuable treatises of Hitter,

Carbuccia, and others.

Before Mr. Marsh's treatise was printed, he had delivered a lecture

covering some of the same ground before the Smithsonian Institution,

which incorporated it in one of its Reports. The occasion for publish-

ing the book appears to have been given by the discussions in Congress

on the question of ''

importing camels for army transportation and for
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Other military purposes," wLich culminated in an appropriation of

money to this end.

Mr. Marsh's handling of this subject shows the spirit in which he

studied all subjects. His work never was that of a dilettante. By ori-

o-inai investiiiatious he would form clear and strong convictions, which

he would then carefully compare with the opinions of other observers,

never failing to reach substantial practical conclusions. Of this trea-

tise on the Camel he says,
" I claim no merit but that of fidelity in

presenting the conclusions at which I have arrived." " I have in-

tended," he adds,
" to take a purely practical view of my subject, and

I have, therefore, sought to condense into the limits I have prescribed

to myself the greatest possible amount of information, and to fortify

my statements by the most reliable authorities." A rapid survey of

this book will show how well the author carried out his purpose.

In a brief introductory chapter he reminds us that the Creator com-

manded man to subdue the earth, and invested him with dominion

over all terrestrial creatures. Man has, as yet, fulfilled but a part of

this proud destiny. Of all the vegetable and animal products of the

globe at least, comparatively few have been subdued to human use,

still fewer permanently domesticated in our fields and our households.

The proper savage only asks of inorganic Nature the gifts which she

spontaneously offers him. But even in the very dawn of social life,

man demands of the organic world, uot merely the usufruct of its spon-

taneous productions, but the complete appropriation and domestication

of many species of both plants and animals. "We accordingly owe to

our primeval, untutored ancestors the discovery, the domestication, and

the acclimatization of our cereal grains, our edible roots, and our im-

proved fruits, as well as the subjugation of our domestic animals, while

civilized man has directed his efforts under the Creator's commission

almost exclusively to the conquest of the inorganic creation, and has

scarcely reclaimed a plant of spontaneous growth, or added a newly

tamed animal to the flocks and herds of the pastoral ages.

Many of the domesticated families of the organic world are pecu-

liarly suited to the uses of man as a migratory animal, and are appar-

ently almost exempted from subjection to climatic laws, and accordingly

follow him in all his wanderings. Others seem to be inexorably con-

fined within prescribed geographical bounds. Others, again, though

comparatively independent of climate and of soil, are nevertheless

specially fitted to certain conditions of surface, and to certain modes

of human life, to the maintenance of which they are themselves

indispensable.
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In the second chapter Mr. Marsh goes on to show that the camel

belongs to the last-mentioned class of domesticated animals. Nature

has adapted this quadruped chiefly to the desert, where he acquires

his true significance and value, his remarkable j^owers being the ne-

cessary condition and sole means by wliich man has in any degree
extended his dominion over the Libyan and the Arabian wildernesses,

for example. But as society advances in refinement, the camel gives

place to animals better suited to the wants and caprices of hio-her

civilization. Even the enclosing of land for agricultural uses, and the

superseding of the coarse herbage of spontaneous growth by artificial

vegetation, are unfavorable to his full development and physical per-

fection. Hence the attempts to introduce the camel into Spain, Italy,

and other European countries have met with at best a very indifferent

success.

Mr. Marsh next examines the several species and breeds of the

camel, in a series of learned chapters on the general and special anat-

omy of this animal, treating in detail of the hump, the head, the

foot (adapted as well to the yielding sands as to the rugged rocks),

and of the complicated structure of the stomach. Then follows a

chapter on the size, color, diseases, temper, and longevity of the

animal ; after which the useful products of the camel, and his diet and

powers of abstinence, are examined. His training and treatment form

the next division of the subject. The author here gives us, upon the

best authorities, an astonishing estimate of the great carrying power
of the camel, and shows us the proper mode of saddling him for this

service. Precise statements follow of the camel's speed and gait.

Then, after having relieved the severity of his discussion by quoting
from another writer an interesting and instructive passage on the char-

acteristic pleasures and pains of travel by camel caravan, and after an

allusion to the almost incredibly great number of camels employed
in Egypt and other Mussulman countries, Mr. Marsii goes on to

discuss tlie "geograpliical range" of the several species. One species

is found in perfection in some of the hottest countries on the globe.

Another bears with impunity the severities of Northern winters. The

geographical range of the camel has been greatly extended even

in comparatively recent times, and Mr. Marsh confidently expected
that this animal would be naturalized in yet other regions, including
New Mexico and California.

Having thus fully established the great value of the camel as a

helper in man's work, the author answers affirmatively the ultimate

question whether any large tracts of our territory possess the climate
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and soil best fitted to the animal's usefulness. lie shows that our

Trans-Mississippian regions, and our Southwestern territories, in-

cluding the southern passes of the Rocky Mountains, possess all the

requisite conditions. In the closing chapter he traces the use of

the camel for military purposes from the earliest historical times to

the present, and sets forth the expediency of emjiloying the animal

in these services iu the United States, especially against our hostile

Indian tribes.

Mr. Marsh had the satisfaction of seeing the introduction of the

camel tried by our goverimient with so much wisdom and skill as to

elicit his warmest praise of all those who had a share in the experi-

ment. He forgets, however, to claim any praise for his own distin-

guished services in the matter.

The book has an index, which places its valuable contents readily

at the reader's command.

While the books that have just been analyzed may l)e called scien-

tific, those of the second group belong to the provinces of philol-

ogy, literary history, and archaeology. The largest of Mr. Marsh's

works in these departments are the courses of lectures delivered by

him, in New York and Boston respectively, upon the English Lan-

guage. The first of these was given at Columbia College in the years

1858-59, and published under the name of " Lectures on the English

Language
"

; the second was delivered at the Lowell Institute in

1860-Gl, and issued with the title of "Origin and History of the Eng-
lish Language, and of the early Literature it embodies." Another of

his philological woi-ks is the admirable enlarged edition of Wedgwood's

Dictionary of English Etymology.
Mr. Marsh's attainments in the Scandinavian languages and lore

were early recognized and honored by the learned societies of North-

ern Europe. One fruit of liis studies in that direction was a Grammar
of the Icelandic Language, compiled from the several works of Rask,

the Danish philologist.

The antiquarian researches of IMr. Marsh are represented by the

careful study that he made of the position and influence of the

Goths in history, even tracing the Gothic element in the Puritans

of New England.
The two groups into which we have ventured to divide Mr. Marsh's

writings combine their forces to prove how vast and exact was his

learning, and how thorough and judicious were his methods of intellect-

ual work. But it is the first group that specially exliibits his individual

chai'acteristics. There we see him pursuing a wholly new inquiry,
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and again conducting triumpliantlj the investigation of a subject so

abstruse, so vast, and so complex, that it is fair to say he had no rival

in the work. These two books of his must long remain the classics in

their respective provinces. It is for these reasons that an analysis

of them has been attempted iiere. In the second class of subjects,

on the other hand, Mr. Marsh was one of many laborers. The study

of language, in its several divisions, has been many years enHsting

a larger and larger number of able scholars. Moreover, in the rapid

progress of modern philology, any man's labors, be they never so

eminent, may soon be superseded, wholly or in part. We are very

far, however, from intimating that any such destiny has overtaken

Mr. Marsh's philological or literary works. They will ever be store-

houses of precious materials ; and they are now, in their latest re-

visions, so fully abreast of the most recent discoveries, that no earnest

student of English philology can afford to neglect them, or is in danger

of doing so. All these considerations render it inexpedient to essay

here the analysis of any book of Mr. Marsh's in this department ; nor,

indeed, could any fair analysis be made that should not transgress the

reasonable limits of a notice like this.

An account of Mr. Marsh and his work would fall far short of

completeness, even in form, without some allusion to his remarkable

library. No monument can be reared to the memory of a man of

letters more fitting than the one he has reared for himself in the

collection of books that he gathered about him as the instruments and

helpers of his daily tasks. The scholar's loves and purposes are em-

bodied in his library as truly as in his published work ; often, perhaps,

even more fully.

This library is described as containing twelve thousand volumes,

some miscellaneous and modern,
"
many rare, valuable, ancient, and

curious." The languages of Northern and Central Europe are, of

course, largely represented; those of Southern Europe probably no

less so. For Mr. Marsh's attention had been fixed, for several years

before his death, on the revival, which is even now in progress, of

the noble Catalan dialect and of the Provencal, and his intimate

study of the Italian language had led him, long before, into the less

frequented paths of its literature. One of his cherished plans had

been that of a complete English-Italian Dictionary which should ade-

quately register the "
grammatical relations

"
of the words in each lan-

guage, and should be worthy of both. As he felt his own strength

declining, he often tried to persuade younger students to engage in

this work.
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By the liberality of an aliiinnus of the University of Vermont, of

which Mr. IMarsh was for a time one of the Trustees, this precious

collection of books has been secured for that institution. It is to be

regretted tliat these literary treasures were not deposited whei-e the

largest numbers congregate of those who would turn them to good
account. Yet, while we deplore the limitation of its usefulness, we

cannot but be glad that Mr. Marsh's library, unlike that of tiie late

Mr. Benfey and other valuable collections, has found a large-minded
and large-hearted man who would not allow its collective force to be

destroyed.

ISAAC RAY.

Isaac Rat, M. D., LL. D., was born at Beverly, Mass., January

16, 1807, and died in Philadelphia, March 31, 1881.

Dr. Ray graduated from Phillips Academy and Bowdoin College,

teaching school during vacations in order to help defray his expenses.

He took his decree of Doctor of Medicine at the Harvard Medical

.School in 1827, and at once began practice in Portland, Maine, where

he was married in 1831. Soon after, removing to Eastport in the

same State, he published (in 1838) his " Medical Jurisprudence of In-

sanity," a book of which the sixth edition has recently appeared, and

which has remained for more than forty years the leading work in the

English language upon that subject.

Dr. Ray was Medical Superintendent of the State Hospital for

the Insane at Augusta, Maine, from 1841 to 1846. He was then ap-

pointed to take charge of the building of the Butler Hospital for the

Insane at Providence, R. I., of which he was the head for twenty

years after its completion. He was also for a few months in charge of

the McLean Asylum at Somerville, Mass., but failing health com-

pelled him to seek a milder climate, and the last fourteen years of his

life were spent in Philadelphia, very much saddened toward the end by

the death of his only surviving child, a son, practising medicine, and hav-

ing hie office in his father's house. Dr. Ray was one of the organizers

of the Association of Medical Superintendents of American Institutions

for the Insane, in 1844, and was its President from 1855 to 1859.

He was a most careful student, having visited Europe to examine the

hospitals there, and a most assiduous writer upon the various subjects

of interest in his branch of the medical profession. His " Mental Hy-

giene," a series of lectures delivered before the Lowell Institute in

Boston, published in 1863, and his "Contributions to Mental Pathol-
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ogy," collected for publication in 1873, illustrate the thoroughness of

his work, his earnestness of purpose, and liis clear, vigorous style.

Dr. Ray was not only for more than a quarter of a century the

acknowledged head of the alienists in this country, but, deeply inter-

ested in all that pertains to the welfare of the human race, he was also

one of the leading sanitarians and social scientists of his day, contrib-

uting freely from his abundant resources to the proceedings of the

American Public Health Association and the Social Science Associa-

tion, As one of the directors of the Blockley Almshouse and Hospi-

tal in Philadelphia, he was a practical reformer of institution abuses.

During his whole professional career, he was one of the foremost in

adopting the more progressive views of recent years in treating the in-

sane with increasing freedom, and in endeavoring to make their lives

as little unlike the lives of the sane as possible. The monument of

his life's work is the Butler Hospital, built under his own eyes, beau-

tified and improved from year to year as larger experience suggested,

from the chapel of which he chose to be buried, and to which he be-

queathed the greater portion of his property, subject to his widow's

life interest in it.

Dr. Ray's wisdom, purity of character, and faithfulness to every

duty, won the regard of his fellow-men. His unremitting care of his

patients gained their affectionate esteem, as his genial manner, wide

information, and wonderful powers of conversation captivated their

attention and drew them away from their morbid thoughts. During
a long and painful illness his courage never failed. During an active

life of more than threescore years and ten, in which he often saw

the worst side of human nature, his faith in mankind never faltered.

FOREIGN HONORARY MEMBERS.

THEODORE LUDWIG WILIIELM VON BISCHOFF.

Theodore Ludwig Wilhelm von Bischoff, who died at Mu-
nich on December 5, 1882, was born at Hannover, October 28, 1807.

His father was Christian Heinrich Ernst Bischoff, a physician who
held professorships at Berlin and Bonn, and was the author of several

works on medicine and chemistry. The younger Bischoff began his

studies with his father, and pursued them at Diisseldorf, Bonn, and



THEODORE LUDWIG WILHELM VON BISCHOFF. 459

Heidelberg, receiving the degree of Doctor of Philosophy in 1829, and

that of Doctor of Medicine in 1832. He obtained an appointment as

assistant in midwifery at Berlin. Here he met with Johannes Miiller

and Ehrenberg, under whom he continued his studies in anatomy and

physiology. From 1835 to 18i3 he delivered lectures on comparative

patliological anatomy at Heidelberg, and from IS-IS to 1855 was Pro-

fessor of Physiology and Anatomy at Giessen, where he established a

Museum of Anatomy and a Physiological Institute. In 1854, having

declined offers from several German universities, he accepted the chair

of Human Anatomy and Physiology at Munich, succeeding the anato-

mist Foerg.

In 1850, he appeared with Liebig at the famous trial of Count

Giirlitz, who was accused of wife-murder, and demonstrated the im-

possibility of spontaneous combustion. His views on this subject may
be found in his paper,

" Ueber die Selbstverbrennung," in the Annales

de la Medecine Legale, 1850.

Bischoff belonged to the older school of German embryologists,

who under the lead of Von Baer laid the foundations of modern mor-

phology. He [)aid considerable attention to the anatomy of the Quad-

rumana, and his last papers were devoted to the comparative study of

the brain of monkeys. His more important memoirs, however, are his

investigations on the development of Mammalia, published between

1842 and 1852. The monographs he published on the Dog, the

Guinea-Pig, the Rabbit, and the Deer have remained the basis of all

the more recent studies on the development of the higher mammals.

BischofF was elected Foreign Honorary Member of this Academy,
November 13, 1849, and his letter acknowledging his election, dated

at Giessen, May 20, 1850, is worthy of being preserved, as showing
his large and liberal spirit :

—
" This unexpected honor, paid me from a land so distant from my

native country, possesses for me a high worth, as an evidence of the

acknowledgment of my scientific labors and exertions. It encourages
me to hope that these labors possess a generally useful character, and

that they have acquired the approbation of the patrons of science in

your society. This marked honor is flattering to me also, inasmuch as

it furnishes fresh evidence that the United States, so long the asylum
of my poor and oppressed countrymen, forced to leave their native

Germany, will also kindly receive German science, fostering and ad-

vancing it upon a more fruitful ground than can be found in the much

overcrowded fatherland."
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JOSEPH LIOUVILLE.

Joseph Liouvillb came into the world of science from a liig'ily

esteemed family of Lorraine. lie was born on Friday, March 24,

1809. In 1827 he was graduated, with marked distinction, at the

Ecole Polytechnique, behng classed in the service of the Pants et

Chaussees. But he renou.iced the career thus opened to him, and

determined to devote his life to the advance of science and to the

work of education. In 1831 he became instructor (repetitenr), and

in 1838 professor, at the Ecole Polytechnique. He was called later

to professorships at the College de France and at the Sorbonne ; and

in the active discharge of his duties at the College de France he

remained up to his death. He became a member of the Academy of

Sciences in 1839, and of the Bureau of Longitudes in 1841. In the

revolutionary year 1848 he was elected to the Constituent Assembly

as a representative of Moselle, and was distinguished there, accord-

ing to M. Laboulaye, for his clearness and fluency of speech ; but, on

the expiration of his official term, he gladly withdrew from a life

which only unusual emergencies had induced him to enter. In 1836

M. Liouville founded the Joarmd de Mathhnatiques Pares et Appli-

quees, which he edited, with distinguished ability, for a period of thirty-

nine years, down to 1875. This |)ublication, which is still everywhere

known by his name, is a lasting monument of his industry and scien-

tific power, and has contributed greatly to the influence and reputa-

tion of French geometers. The later years of Liouville's life were

saddened by severe domestic griefs and by failing health. But his

mind remained unclouded and active. He undertook, but was unable

to finish, his course at the College de France in the last year of his

life. He was present at a meeting of the Bureau of Longitudes two

days before his death ; which took place, suddenly at the last, on

Friday, September 8, 1882.

M, Liouville has been an eminent figure among the mathematicians

of his day, an able, vigorous, and original worker in the field of

science, an example of simple self-devotion, and the centre of an

important influence. The titles of his memoirs occupy very nearly

twelve pages in the Royal Society Catalogue of Scientific Papers to

1873 inclusive. These writings, treating chiefly of subjects in pure

analysis, contain many valuable contributions to mathematical science,

and are marked by a beauty of form which is itself a mathematical

excellence. They have helped to give a shape to the scientific thought

of our time. As an editor and a professor also M. Liouville has



EMILB PLANTAMOUR. 461

exerted a strong regulating and stimulating influence. He was a

brilliant and inspiring lecturer ; and it was into his 2:5rofessoriaI work

that he threw the fulness of his strength, discerning, training, encour-

aging, and bringing forward the mathematical genius of a generation,

and impregnating it, in his admirable courses, with fertile germs of

new discovery. He was no less happy in addressing the Academy.
M. Faye, in his speech at the grave of Liouville, tells us that he was

in his prime a powerful scientific orator, and that he was equalled

only by Arago in ability to give to a general scientific audience a

sense of real insight into the abstruse conceptions of the higher

analysis.

i\l. Liouville was chosen a Foreign Honorary Member of this

Academy in 1859, as successor to Cauchy. We have lost in him one

who has played an important part in the development of mathematical

knowledge during the past half-century.

EMILE PLANTAMOUR*

Emile Plantamour, Professor of Astronomy and Director of the

Observatory at the University of Geneva, died at Geneva, September 7,

1882. He was born at Geneva, May 14, 181.5, and received his eai'Iy

education in the old college founded by Calvin, after which he spent

eight years in the then celebrated school of Hofrozl. In 1833 he

entered the Geneva Academy, where he became one of the astronomer

Gautier's most promising pupils. After graduating in philosophy, he

resolved to make the study of astronomy the work of his life, a design
in which he was encouraged by Gautier, who, on account of an affection

of his sight, promised to vacate his chair in Plantamour's favor when

the latter had completed his university education. From Geneva

Plantamour proceeded to Paris, where he studied for two years under

Arago. He was also a pupil of Bessel at Konigsberg, where, in 1839,

he took the degree of Doctor, the subject of his thesis being the

methods of calculating the orbits of comet:^. From Konisrsberg he

went to Berlin, and worked for some time with Encke, who recognized
in his quickness of observation and aptitude for complex calculations

his special fitness for the career to which he intended to devote him-

self. On his return to Geneva Plantamour received the double

appointment of the Professorship of Astronomy in the Academy

* This notice is taken chiefly from the Montlily Notices of the Eoyal Astro-

nomical Society of London, February, 18S3.
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(which has since been transformed into a University) and Director of

the Observatory. In 1848 he accepted also the chair of Physical

Geography, and he retained all three positions until his health began

to fail him, a few months before his death. His publications chiefly

related to atmospheric electricity, observations of comets, and meteoro-

lo'j-ical observations made on the Great St. Bernard. Special refer-

ence should be made to the important investigations of the diurnal

oscillations of the soil undertaken by him by means of spirit-levels,

and of which accounts are given in the Comptes Rendiis for 1878 and

1879. Much of his time was devoted to meteorology, and his papers

in the Bibliotheque Universelle on the subject were numerous; he

was also one of the most active members of the Helvetic Scientific

Society for the observation of atmospheric phenomena. He devoted

attention to geodesy, and in 1861 became the representative of

Geneva on the Paris Geodetic Commission. He was also a useful

member of the International Geodetic Association, which met a few

years ao'o at Geneva. In connection with the Genevan Society of

Arts he oro^anized a watch and chronometer competition, which has

proved of great value to the staple industry of Geneva. Watches

and chronometers are sent to the Observatory and tested there, the

results being published, and prizes awarded to tlie best time-keepers.

Four years ago he added to the Observatory at his own expense a

refractor of ten inches' aperture, and he erected the building for its

reception. He was a man of fortune, and might have devoted his life

to social enjoyment and ease ; but he was deeply attached to science,

and preferred to retain his posts at the University, altiiough the

modest salary he received scarcely covered his exjjenses.

Plantamour's early work on cometary astronomy must not be passed

over unnoticed. One of his most elaborate investigations was his

determination of definite elements of Mauvais's comet of 1844, wliich

was observed from July 7 in that year to the middle of March, 1845,

and therefore offered a favorable opportunity for the calculation of

the true form of orbit. Plantamour's lesult was a somewliat notable

one : after taking into account the effect of the attraction of the

planets during the comet's visibility, he concluded that at the passage

through perihelion in October, 1844, the comet was moving in an

elliptical orbit with a period of revolution of 102,050 ± 3,090 years.

In 1846 he made extensive calculations bearing upon the motion of

the two heads of Biela's comet, the I'esults of which will be found in

No. 584 of the Astronomische Nachrichten. He further discussed the

elements of what was called at the time "
Galle's second comet," 1840,
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11. (Asfro7i. Nach., No. 475, 476). In this paper he pointed out some

anomalies in the intensity of the comet's light similar to what have

been observed from time to time in other comets.

Plantamour was a Corresponding Member of the Academy of

Sciences of the Institute of France, having been elected as successor

to the elder Struve. He was also a Corresponding Member of the

Royal Academy of Sciences of Turin, and an Associate of the Royal
Astronomical Society of London. He was elected a Foreign Hon-

orary Member of this Academy on March 13, 1878.

FRIEDRICH WOHLER.

Friedrich Wohler, after a long manhood full of the fruits of

well-directed intellectual labor, after a tranquil, honored, happy old

age, died on the 23d of Sejitember last, surrounded by a loving family,

and in the full possession of his faculties. He was born on the 31st of

July, 1800, in the village of Eschenheim, near Frankfort-on-the-Main.

He entered the Gymnasium in Frankfort in his fourteenth year, and

there his boyish fondness for experiment quickly ripened into a strongly

marked taste for chemistry and mineralogy, for the study of both of

which sciences he had accidental facilities which influenced his whole

after life. At the age of twenty he entered the University of Marburg,
where he passed a year, and where, in a small extemporized private

laboratory, he began the study of the compounds of cyanogen, his

first paper on that subject appearing in Gilbert's Annalen, in 1821.

From Marburg he went to Heidelberg, and there worked in the

laboratory of Leopold Gmelin, whose influence upon him was very

marked, and who quickly perceived in him the promise of future emi-

nence. Here he published two papers on cyanic acid. He had at

this time the prospect of becoming a physician, and took his degree as

Doctor of Medicine in September, 1823. The urgency of Gmelin

decided him to devote himself exclusively to chemistry, and, after a

brief correspondence and warm recommendation from Gmelin, Ber-

zelius agreed to receive him into his laboratory. The charming account

which he wrote in his old ase of Berzelius himself, of his own residence

and travels in Sweden and Norway, and of various distinguished men

whom he met, is familiar to all chemists. Wohler spent nearly a year

in Sweden, forming a friendship with Berzelius which was never inter-

rupted, and which ended only with the life of the latter. He at first

settled in Heidelberg as Privatdocent, but by the advice of Berzelius,

Gmelin, and Von Buch, in 1825 went to Berlin, and there became
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teacher of chemistry and mineralogy in an industrial school founded

by Von Barensj^rung. While in Berlin he succeeded in isolating

aluminum by the action of sodium upon aluminic chloride, and pub-
lished papers upon various other subjects. In 1828, while still in

Berlin, he made his memorable discovery of the synthesis of urea.

We who are familiar with the artificial preparation of alizarin, of

indigo-blue, and of citric and uric acids, and who can see the shadow

of the coming syntheses of chinim and morphine, find it perhaps difficult

to understand the influence of Wohler's discovery in the year 1828.

But, as the first synthesis of an organic body from the elements, it

marks the beginning of an era in the history of chemistry.

In 1831 Wohler removed from Berlin to Cassel, where his wife's family

resided, and where he obtained a professor's chair in the Gewerbschule.

Before this, however, his lifelong fi-iendship with Liebig had been formed,

and when, in 1832, his young wife died, Wohler sought for a time a

congenial home with Liebig in Giessen. There the two produced
their noble study of the oil of bitter almonds, — an investigation re-

ceived with a general burst of admiration, and which roused even the

calm nature of Berzelius to enthusiasm. In 1836 Wohler succeeded

Stromeyer at Gcittingen, and was succeeded at Cassel by Bunsen.

Then came the grand work with Liebig on uric acid. To this suc-

ceeded a long series of papers, partly in conjunction with Liebig, partly

his own exclusively. The complete list of Wohler's writings includes

two hundred and seventy-five titles. There is no department of chem-

istry not enriched by his labors. Many of his papers are very short,

but every one is at least suggestive. Every method in analytical

chemistry which he gave admitted of generalization. Nearly all the

rarer elements passed through his hands, and perhaps no chemist ever

had so wide an experience.

Wohler had a mind fertile in methods, and a judgment seldom at

fault. His character was singularly well balanced, and an inborn, keen

sense of humor kept his whole nature sweet and wholesome. His

pupils were warmly attached to him. They celebrated his sixtieth

and seventieth birthdays, and the fiftieth anniversary of the discovery

of the synthesis of urea. But on his eightieth birthday chemists of

all lands united to honor the grand old man. Contributions poured in

from all quarters, and not last or least from our own country. A beauti-

ful marble medallion in a frame of bronze was the form which the

memorial assumed, and which, worthily bestowed, was accepted with a

few dignified and touching words. In 1880 the old chemist published

his last paper,
— a brief notice of a galvanic element containing alumi-
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num. The decline of his long life had all that makes old age endura-

ble,— the society of family friends and pupils, freedom from sickness

or serious infirmity, a reasonable competence, and an honest, well-

earned consciousness of a life full of usefulness and without stain.

Since the last Report, the Academy has received an acces-

sion of eighteen new members ; viz. nine Resident Fellows,

one Associate Fellow, and eight Foreign Honorary Members.

One member has resigned, and another has abandoned his

fellowship. The list of the Academy corrected to the date

of this Report is hereto added. It includes one hundred and

ninety-four Resident Fellows, ninety Associate Fellows, and

seventy-two Foreign Honorary Members.
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A.

Abies religiosa, Selileclit, 158.

Acalypba anemioides, HBK., 154<.

Lilidheimeri, Muell., 154.

Neo-Mexicana, Muell., 154.

phleoides, Cav., 154.

radians, Torr., 154.

vagaiis, Cav., 154.

Acerates viridiflora, Ell., 114.

Acetic aldehyde, 49.

Acetone, 51.

Achyronychia Parryi, Hemsl., 143.

Acid, monobroraciunamic, 279.

nitrous, volumetric determiuatiou

of combined, 275.

parabrombeozylsulpho, 86.

plienyldibroralactic, 280.

phenyltribrompropiouic, 277.

Acids, inorganic, researches on the

complex, 232.

Acleisauthes Berlandieri, Gray, 143.

lougiflora, Gray, 143.

Acnide tamariscina, Gray, 144.

Acrostichum gratum, Fee, 183.

venustum. Fee, 183.

Acrylic and propionic acids, on cer-

tain substituted, 41.

Actinella insignis. Gray, 109.

linearifolia, Torr. & Gray, 109.

odorata. Gray, 109.

Palmeri, Gray, 109.

scaposa, Nutt., 109.

Adiantum teuerum, Swartz, 188.

capillus-veneris, Linn., 187.

tliabctroides, Willd., 187-

^cidium convallerise, Schra., 74.

nitens, 76.

thalictri, Grev., 75.

jEpogon cenchroides, Humboldt &
BonpL, 173.

Agave Americana, Linn., 162.

asperima, Jacobi, 162.

bracteosa, Watson, 162.

falcata, Eugelm., 162.

Agave guttata, Jac. & Boucbe, 161.

maculosa. Hook., 161.

Reginse, Moore, 163.

revoluta, Klotzsch (?) 162.

variegata, Jacobi, 161.

Wislizeni, Engelm., 162.

Ageratum corymbosum, Zucc, 100.

Agrostis scabra, Willd., 176.

verticillata, Vill., 176.

Alcohol, allyl, 53.

methyl, 51.

Aldehyde, acetic, 49.

Allionia incarnata, Linn., 142.

Allium Plummerse, 195.

scaposum, Benth., 165.

Alloys, electromotive force of, 221.

their composition, 222.

Allyl alcohol, 53.

Alternanthera achyrautha, R. Br.,
144.

Amarantus albus, Linn., 143.

chlorostachys, Willd., 143.

Palmeri, Watson, 144.

polygonoides, Linn., 143.

retrofiexus, Linn., 143.

spinosus, Linn., 143.

Amblyolepsis setigera, DC., 109.

Ambrosia aptera, DC, 104.

Artemisisefolia, Linn., 104.

psilostachya, DC, 104
Ammonium salt, 269.

Anagallis arveusis, Linn., 112.

Andropogou hirtillorus, Kunth, 174.

laguroides, DC, 173.

leucopogon, Nees, 174.

myosurus, Presl., ('^) 174.

Virginicus, Linn., 174.

Aneimia adiantifolia, Swartz, 189.

Mexieana, Klotzsch, 189.

tomentosa, Swartz, 189.

Anemopsis Californica, Hook., 148.

Anhydride of Curcumin Dihydride, 2.

Anisacanthus pumilus, Nees, 133.

virgularis, Nees, 133.

Wrightii, Benth. & Hook., 133.
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Antliericum leptopliyllum, Baker, 164.

stenocarpum, Baker, 164;.

Antigonou leptopus^ Hook. & Arn.,
148.

Antimony, the bromide of, 62.

the ciiloride of, 61, 62.

the iodide of, 61, 62.

on their vapor density, 61.

Antiphytum floribundum, Gray, 121.

Parryi, 122.

Autirrhiniun maurandioides, Gray,
129.

Aphauostephus Arkansanus, Gray,
102.

humilis. Gray, 102.

ramosissimus, DC, 102.

Aphyllon Dugesii, 132.

Ludoviciauum, Gray, 132.

multifioruin. Gray, 132.

Aplopappus divaricatus. Gray, 102.

rubiginosus, Torr. & Gray, 102.

spinulosus, DC, 102.

Apocyuum cannabium, Linn., 113.

Arbutus glandulosa, Mart. & Gal., 111.

xalapeusis, HBK. (?), 111.

Arctostaphylos puugens, HBK., 111.

Argythamina humilis, Muell., 153.

mercurialina, MueU, 153.

Neo-Mexicana, Muell, 153.

Aristida bromoides, HBK., 174.

divaricata, Humb. & Boupl, 174.

pui'purea, Nutt., 174.

Aristolochia brevipes, Benth., 148.

pardiua, Duchartre, 148.

Artemisia Mexicana, Willd., 109.

Arundo donax, Linn., 181.

Asclepias brachy Stephana, Engelra.,
114.

linaria, Cav., 114.

glaucescens, HBK., 114.

longicoi'nu, Benth., 114.

perenuis, Walter, 114.

setosa, Benth., 114.

Asclepiodora circinalis, Eournier, 114.

decumbens, Gray, 114.

Aspidium aculeatum, Swartz, 188.

athyrioides, Mart. & Gal, 188.

patens, Swartz, 188.

trifoliatum, Swartz, 188.

Asplenium furcatuni, Thuub., 188.

monanthemum, Linn., 188.

parvulum. Mart. & Gal., 188.

trichomanes, Linn., 188.

Aster divaricatus, Nutt., 103.

Drummondii, Lindl., 103.

ericsefolius, Rothr., 103.

Aster multiflorus. Ait.,103.

Pahneri, Gray, 103.

phyilolepis, Gray, 103.

tanacetitolius, HBK., 103.

Astragalus hypoxylus, 192.

Matthewsii, 192.

Wingatanus, 192.

Atriplex acanthocarpa, Watson, 146.

canescens, James, 146.

oppositifolia, Watson, 146.

parvifolia, HBK., 146.

Texana, Watson, 146.

Avery, Charles, notice of, 442.

B.

Baccharis angustifolia, Michx., 103.

Bigelovii, Gray, 103.

glutiuosa, Pers., 103.

pteronioides, DC, 103.

Texana, Torr. & Gray, 103.

Bacon, John, notice of, 419.

Bahia absinthiifolia, Benth., 107.

Baileya multiradiata, Gray, 109.

Barbiila cirrhata, Muell., 189.

obtusissima, Muell., 189.

Barium salt, 271.

Barroettea subuligera, Gray, 101.

Bartramia Gardneri, Muell. (?), 190.

Basanacantha (?) reticulata, 98.

Benzyl compounds, researches on the,

86.

Berlandiera tomentosa, Torr. & Gray,
104.

Bernardia myricaefolia, Watson, 153.

(?) fasciculata, 153.

Beschorneria tubiflora, Kunth, 161.

Bidens chrysanthemoides, Michx.,

107.

heterophylla, Ort., 107.

Bigelovia coronopifolia. Gray, 102.

Drummondii, Gray, 102.

veneta. Gray, 102.

Bigonia buccinatoria, Mairet, 132.

Bischoff, T. L. W. von, notice of,

458.

Blechnum occidentalis, Linn., 188.

Bletia campanulata, Llave (?), 159.

Boehmeria cylindrica, Willd., 155.

Boerhaavia erecta, Kinn., 142.

erioselena. Gray, 142.

linearifolia, Gray, 142.

gibbosa, Pavon, 142.

viscosa. Lag. & Rodr., 142.

Bomaria acutifolia. Herb., 161.
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Boraeol from camphor, a new method
of preparing, 93.

Borricbia frutescens, DC, 105.

Botrycbium ternatum, Swartz, 189.

Virgmiauum, Swartz, 189.

Boucbetia erecta, DC, 129.

Boussingaultia basseloides, HBK.,
147.

Bouteloua Aristoides, Thumb., 178,
180.

bromoides. Lag., 177, 179.

Burkei, Scribuer, 179.

cbondrosioides, Beutb., 179.

cUiata, Griesb., 179.

disticba, Bentb., 180.

eriopoda, Torr., 179.

havardi, Vasey, 179.

hirsuta. Lag., 177, 178.

litigiosa. Lag., 179.

multiseta, Beutb., 180.

oHgostacbya, Torr., 177, 179.

pilosa, Beutb., 179.

polystacbya, Torr., 177, 179.

prostrata. Lag., 176.

racemosa. Lag., 177, 179.

scorpioides. Lag., 176, 178.

simplex, Lag., 178.

tenuis, Griesb., 176, 178.

Texaua, Watson, 180, 196.

triatbera, Bentb., 180.

trifida, Tburb., 177, 179.

Bouvardia augustifolia, HBK (?),

96.

hypoleuca, Bentb., 97.

tripbylla, SaUsb., 97.

Bracbypodium ctepitosum, Roem. &
ScbuL, 183.

Brass yard and meter, 294.

Bravoa gemiuiflora, Llav. &Lex., 161.

Brickeliia Coulteri, Gray, 101.

cybndracea, Gray, 101.

laciuiata. Gray, 101.

odontopbylbi. Gray, 101.

Palmeri, Gray, 101.

Riddellii, Gray, 101.

Briza Rotunda, Steud., 182.

Bromide of antimony, on the vapor-'

density of the, 61.

Bromine, action of, on the Anhydride
of Curcumin Dybidride, 4.

on Curcumin, 5.

on dibromstyrol, 280
Bromus ciliatus, Linn., 183.

Bronze yard and meter, 293.

Brunella vulgaris, Linn., 140.

Bryum argeuteum, Linn., 189.

Buchloe dactyloides, Engelm., 178.

Bucbnera htijospermifoUa HBK. (?),

130.

pilosa, Beutb. (?), 131.

Buddleia Humboldtiana, Roem. &
Scbult., 116.

marrubiifolia, Bentb., 116.

perfoUata, HBK., 116.

scordioides, HBK., 116.

verticillata, HBK., 116.

Bumelia spiuosa, DC, 112.

Buoyancy of the atmosphere, effect

of the, on the weight of a

body, 55.

Cacabus Mexicanus, 127.

Calicarpa Americana, Liuu., 136.

CalUandra eriopbylla, Beutb., 191.

CaUisia iusiguis, Clarke, 167.

Callitricbe Austini, Engelm., 154.

heteropbylla, Pursh., 154.

verua, Linn., 155.

Calochortus ilavus, Scbult., 165.

Calophaues decumbeus. Gray, 133.

linearis. Gray, 133.

Calyptospora Goeppertiana, Kiibn, 79.

Campanula rotuudifolia, Linn., 111.

Camphor, a uew method of preparing
borneol from, 93.

Cauabis sativa, Liuu., 155.

Capiscum baccatum, Linn., 127.

Carex Schaffneri, W. Boott., 172.

Carya olivseformis, Nutt., 155.

Castilleia canescens, Benth., 132.

lauata. Gray, 131.

tenuiflora, Beutb., 131.

sessiliflora, Pursb., 131.

scorzouei'sefolia, HBK., 131.

Cedrella Dugesii, 190.

Cedronella Mexicana, Bentb., 140.

Celosia Palmeri, 143.

pauiculata, Linn., 143.

Celtis Berlandieri, Klotzsch, 155.

pallida, Torr., 155.

reticulata, Torr., 133.

Cencbrus ecliinatus, Linn., 173.

tribuloides, Linn., 173.

Centaurea Americana, Nutt., 110.

Centunculus minimus, Linn., 112.

Cepbalanthus Occidentalis, Linn., 96.

Ceratodon purpureus, Brid., 189.

Ceratopbyllum demersum, Liuu., 157-

Cestrum lauatum. Mart. & Gal., 128.
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Oestrum laxum, Benth., 128.

multiuerviuin, Duii., 128.

Chaetopappa modesta, Gray, 102.

Chamsesaraclia cornopus. Gray, 126.

Cliapfalia nutans, HeinsL, 110.

Cheilauthes Alabameusis, Hooker,
185.

ciunamomea, 186.

Clcvelautlii, Eaton, 186.

Coopera3, Eaton, 185.

farinosa, KauU'., 186.

gracillima, Eaton, 186.

Liudheinieri, Hooker, 186.

meifolia, 185.

microphylla, Swartz, 185.

myriopliylla, Desv., 186.

tomeutosa, Link., 186.

viscosa, Link., 186.

Wrightii, Hooker, 185.

Chenopodium ambrosidoides, Linn.,
146.

Berlandieri, Moq., 146.

fcetidum, Linn., 145.

Fremontii, Watson, 146;

murale, Linn., 146.

stellatum, 146.

Chilopsis saligna, Don, 132.

Chlordibroniacrvlic acid, crystalline

_

form of, "282.

Chloride of antimony, on the vapor-

density of the, 61.

Chloris cucullata, Bisch., 176.

elegans, HBK., 176.

submutica, HBK., 176.

Chlortribrompropionic acid, on the

decomposition of a, by alkaline

hydrates, 45.

Chrysactinia Mexicana, Gray, 108.

Chrysopsis pilosa, Nutt., 102.

villosa, Nutt., 102.

Cladothrix lanuginosus, Nutt., 144.

Cnicus altissimus, Pursh., 110.

Coefficients of expansion, 341.

Coefficients of meters, determination

of, 377.

Coix ai'undinacea. Lam. (?), 173..

Coldenia canescens, DC, 119.

Greggii, Gray, 120.

hispidissima, Gray, 119.

Mexicana, 119.

tomentosa, 120
Colubrina Texaua, Gray, 190.

Communications,—
Josiah Parsons Cooke, 55.

W. G. Earlow, 65.

Wolcott Gibbs, 232.

^'

[
275.

*''

[
277.

197.

Communications,—
Oliver W. Huntington, 282.
C. Loriug Jackson, ) o„

G. T. Hartshorn, ;
^'^•

C. Loring Jackson, > -. „„

A. E. Menke, \
^' ^'^•

Leonard P. Kinuicutt,
John U. NeH;
Leonard P. Kinnicutt,

George M. Palmer,
C. F. Mabery, ) .

,

F. C. Robinson, |
*^-

Charles F. Mabery, 47.

Frank Nelson Cole, 226.

Edward C. Pickering, 15.

William A. Rogers, 284, 287,
399.

John Trowbridge, )

Walter N. Hill, ^

Sereuo Watson, 96.

C. P. Worcester, 61.

Comparator, Rogers-Bond Universal,
300.

Comparing-rooms, description of, 326.

Comparison of meters, 360, 372, 383.
of yards, 362, 384.

Comparisons of line and end meters,

351, 357.

Comparisons of line meters, 345.

Complex inorganic acids, researches

on the, 232.

Commelina dianthifolia, DC, 167.

erecta, Linn., 167.

graminifolia, HBK., 166.

hirtella, Vahl, 167.

pallida, Willd., 166.

unditlora, Linn., 167.

Virginica, Linn., 166.

Conditions of Equations, 349, 355,

359, 364.

Conobea multiiida, Benth., 130.

Conopholis Mexicana, Gray, 131.

Conyza subdecurrens, DQ., 103.

Convolvulus incanus, Vahl, 123.

Cooperia Drummondii, Herb., 161.

Cordia Boissieri, DC, 119.

Greggii, Torr., 119.

podocephala, Torr., 119.

Coreopsis cardaminefolia, DC, 106.

Corisperum hyssopifoliuni, Linn., 146.

Corrigiola Andina, Trian. & Planch.,
143.

Cotoneaster denticulatn, HBK., 191.

Cranichis Scliaffneri, Reichenb., 159.

Cressa cretica, Linn., 124.

Croton capitatus, Michx., 152.
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Croton corymbulosus, Engolm., 152.

t'ruticiilosus, Torr., 152.

glaudulosus, Limi., 152.

gracilis, MuclL, 122.

Liudlieiincrianus, Scheele, 152.

inaritinius,AValt., 152.

monauthogynus, Miclix., 152.

morifolius, \1'illd., 152.

Paliiieri, 152.

Texensis, Muell., 152.

? 152.

Torreyauus, Muell. ,
152.

Crystalline form of chlordibromacrylic
acid, 282.

Cunila secunda, 136.

Cuphaia cyanea, DC, 191.

Cupressus Arizoiiica, Greeue, 157.

Bentliami, Eudl., 157.

Curcumin, 1.

Anhydride of, diliydride, 2.

Bromine, action of, on the anhy-
dride of, diliydride, 4.

Bromine, action of, on the anhy-
dride of, dihydride, on, 5.

Diliydride of, 1.

Hydrogen, action of nascent, on,
1.

Tetrabromide of, 5.

Cuscuta arvensis, Beyr., 124.

decora, Chois., 124.

odontolepsis, Engelm., 125.

Potosina, Schaffner, 124.

squamata, Engelm., 124.

tinctoria, Mart., 125.

umbellata, HBK., 124.

Cylindrothecium compressum, Bruch.

& Scliimp. (?) 190.

Cyperus aristatus, Rottb., 169.

articulatus, Linn., 170.

Baldwinii, Torr., 170.

divergens. HBK., 169.

flavus, Vahl, 170.

flavescens, Linn., 169.

flavicomus, Michx., 169.

incompletus, Link., 170.

inelanostacliyus, HBK., 169.

Michauxianus, Schultes, 170.

phymatodes, Muhl., 170.

ovularis, Torr., 170.

Schweinitzii, Torr., 169.

uniflorus, Torr., 170.

virens, Michx., 169.

Cypripedium molle, Lindl., 159.

Cystopteris fragilis, Bemh., 188.

D.

Dasylirion acrotrichum, Zucc, 164.

glaucophyllum. Hook., 163.

Datura meteloides, DC, 128.

quercifolia, HBK., 128.

Demagnetization, 201.

Demagnetization, perfect, 203.

Dianthera parvifolia, Benth. & Hook.,
133.

Dibromacrylic acid, j3, 41.

Dibromstyrol, 278.

Dibromstyrol, action of bromine on,

280.

Dichaetophora campestris. Gray, 102.

Dichoudra argentea, Humb. & Bonpl.,
124.

repens, Eorst., 124.

Dicliptera brachiata, Spreng., 133.

Dicranocarpus parviflorus,Gray, 104.

Dicraurus diffusus. Hook., 145.

Dicromena leucocephala, Michx.,
171.

Dihydride of Curcumin, 1.

Dimethylacetal, 51.

Diodia prostrata, Swartz, 98.

teres, Walt., 98.

tetracocca, Hemsl., 98.

tricocca, Torr. & Gray, 98.

Dioscorea— ? 163.

Diospyros Texana, Scheele, 112.

Diplachne dubia, Benth., 181.

fascicularis, Beauv., 181.

Dothidea perisporioides, B. & C,
190.

Draper, Henry, notice of, 444.

Dryobalanops Camphora, the natural

borneol obtained from, 93.

Dysodia chrysauthemoides. Lag., 108.

pubescens, Lag., 108.

E.

Echeandia terniflora, Ort., 164.

Echites CouUeri, 113.

Eclipta alba, Hassk., 105.

Ehretia elliptica, DC, 119.

Electricity, thermo, 214.

Electromotive force, 219.

Electromotive force of alloys, 221.

Electromotive force of the alloys of

copper and zinc, 223, 224.

lead and tin, 224.

tin and lead, 223.
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Eleocliaris acicularis, R. Brown, 171.

areuicola, Torr., 170.

cancellata, 170.

capitata, 11. Brown, 170.

palustris, R. Brown, 170.

Ellis's North American Fungi, 65.

Pernosporae, 65.

Urediuae, 65.

Elytraria bromoides. Oersted, 1.33.

Eucelia calva. Gray, 106.

Mexicana, Mart., 106.

microphylla, Gray, 106.

subaristata. Gray, 106.

Engelmannia pinnatifida, Torr. &
Gray, 104.

Epherdra antisypliilitica, Meyer, 157.

aspera, Eugelm., 1.57.

peduuculata, Engelm., 157.

Epioampes
— ? 175.

Equations of conditions, 349, 355,

359, 364, 889.

Equisetum robustum, Al. Braun,
189.

Eragrostis lugens, Nees, 182.

major, Host., 181.

Mexicana, Link., 183.

minor Host., 181.

oxylepis, Torr., 181.

Palmeri, 182.

pilosa, Boem. & Schutt., 182.

reptans, Nees, 181.

Erigeron Canadensis, Linn., 103.

dryopliyllus. Gray, 103.

Palmeri, Gray, 103.

pubescens, HBK., 103.

Eriogonura Abertianum, Torr., 147.

annum, Nutt., 147.

atrorubens, Engelm., 147.

ciliatum, Torr., 147.

Greggii, Torr. & Gray, 147.

Jamesii, Bentli., 147.

longifolium, Nutt
, 147.

multiflorum, Benth., 147.

tenellum, Tori'., 147.

Wrightii, Torr., 147.

Eriogonum Havardi, 194.

Sheckleyi, 194.

Eritrichium fulvocanescens. Gray,
121.

hispidum, Buckl., 121.

Eryugium discolor, 193.

Erythraea calycosa, Buckl., 117.— ?li7.

Eupatorium altissimum, Linn., 100.

azureum, DC., 100.

betouicum, Hemsl., 100.

Eupatorium caelestinum, Linn., 100.

Coahuilensis, Gray, lUl.

dissectum, Gray, 100.

incarnatum, Walt., 100.

petiolare, M05., 101.

Euphorbia adenoptera, Bettol., 149.

acuta, Engelm., 150.

albomarginata, Torr. & Gray,
149.

angusta, Engelm., 150.

ammatotricha, Boiss. (?), 151.

antisyphilitica, Zuec, 149.

bardellata, Engelm., 150.

biformis, 151.

campestris, Cham. & Schlecht,
150.

calyculata, HBK., 151.

cumbraj, Boiss., 149.

deutata, Michx., 150.

exclusa, 150.

Fendleri, Torr. & Gray, 149.

graminea, Jacq., 149.

glyptosperma, Engelm., 149.

heteropliylla, Linn., 150.

lathy ris, Linn., 150.

maculata, Linn., 149.

marginata, Pur-sli., 150.

Plumnierse, 195.

Preslii, Guss., 149.

polycarpa, Benth., 149.

prostrata, Ait., 148.

radians, Benth., 151.

serpens, HBK., 149.

serpyllilblia, Pers., 151.

serrula, Engelm., 149.

sphserorrhiza, Benth., 151.

tenera, 150.

villifera, Scheele, 149.

Eurotia lanata, Moq., 146.

Eustoma cxaltatuni, Griesb., 117.

Evax multicaulis, DC, 103.

Evolvulus alsinoides, Linn., 124.

discolor, Benth., 123.

sericeus, Swartz, 123.

Exoascus flavus, Parlow, 83.

Expansion, coefficients of, 341.

F.

Fellows, Associate, deceased,-
Charles Avery, 419.

Henry Draper, 419.

George P. Marsh, 419.

Isaac Bay, 419.
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Fellow, Associate, elected,
—

Samuel Pierpont Laugley, 414.

Fellows, Associate, List of, 470.

Fellows deceased,
—

Augustus A. Hayes, 419.

Cliandler Robbius, 419.

William B. Rogers, 411.

Nathaniel Thayer, 414.

Fellows elected,
—

Seth Carlo Chandler, 414.

Walter Faxon, 415.

Edwin Herbert Hall, 414.

Silas Wliitcomb Holmau, 415.

William White Jacques, 414.

Leonard Parker Kin nicutt, 415.

Charles Frederic Mabery, 415.

Charles Sedgwick Miuot, 411.

William Henry Pickering, 415.

Francis Amasa Walker, 411.

Fellows, List of, 467.

Fimbristylis autumnalis, Roem. &
S'chult., 171.

capillaris, Gray, 171.

Flaveria angustifolia, Pers., 107.

chloraefolia, Gray, 107.

longifolia, Gray, 107.

repanda, Lag., 107.

Florestina tripteris, DC, 107.

Flourensia cernua, DC, 106.

Force of alloys, electromotive, 221.

Foreign Honorary Members elected,
—

Matthew Arnold, 414.

Thomas Henry Huxley, 415.

Carl Friedrich Wilhelm Ludwig,
412.

Julius Sachs, 411.

Bernhard Studer, 411,
Louis Pasteur, 414.

Johann Friedrich Julius Schmidt,
415.

Foreign Hon. Members deceased, —
T. L. W. von Bischoff, 413.

Joseph Liouville, 419.

Emile Plantamour, 415.

Friedrich Wohler, 419.

Foreign Honorary Members, List of,

472.

Forestiera angustifolia, Torr., 113.

Formiate, methyl, 49.

Franseria tenuifolia. Gray, 104.

Fraxinus cuspidata, Torr., 113.

pistacisefolia, Torr., 113.

viridis, Michx., 113.

Vroelichia floridiaiia, Moq., 144.

gracilis, Moq., 144.

interrupta, Moq., 144.

81

Froment meter, the, 28 S.

Fuirena squamosa, Michx., 171.

Fungi, Ellis's North American, notes

on some species in the third

and eleventh centuries, 65.

Furfurol, in the dry distillation of

wood at low temperatures, 47.

G.

Gaillardia comosa. Gray, 109.

lanceolata, Michx., 109.

Mexicana, Gray, 109.

pinnalifida, Torr., 106.

pulchella, Foug., 109.

simplex, Scheele, 109.

Galinsoga parviflora, Cav., 107.

Galium Aschenbornii, Schauer, 99.

Mexicanum, HBK., 99.

microphyllum. Gray, 99.

polyplocum, Henisl., 99.

proliferum. Gray, 99.

unciuulatum, DC, 99.

Gayophytum pumilum, 193.

Gentiana lanceolata, Griesb., 117.

spathacea, HBK., 117.

Gerardia Greggii, 131.

peduncularis, Bentli., 131.

GiUa aggregata, Spreng., 117.

incisa, Benth., 117.

rigidula, Benth'., 117.

Glyphosperma Palmeri, 164.

Gnaphalium decurrens, Ives, 104.

oxyphyllum, DC, 104.

pannosum. Gray, 104.

purpurascens, DC, 104.

purpureum, Linn., 104.

semiamplexicaule, DC, 104.

Sprengelii, Hook. & Arn., 103.

Wrightii, Gray, 104.

Gochnatia hypoleuca. Gray, 110.

Gomphrena decumbens, Jaeq., 144.

tuberifera, Torr
, 144.

Gonolobus erianthus, Decaisne, 116.

(?) sp., 116.

parviflorus. Gray, 115.

pilosiis, Benth., 116.

reticulatus, Engelm., 115.

Schaffueri, Gray, 116.

Gossypianthus, rigidiilorus, Hook.,
144.

Greggia linearifolia, 191.

Grindelia Arizonica, Gray, 101.

costata, Gray, 102.
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Grindelia inuloides, Willd., 101.

squaiTosa, Duii. (?), 101.

Guilleiniua illecebroidcs, HBK., 14 .

Gutierrezia microcepliala, Gray, 101.

Texana, Torr. & Gray, 101.

Gymnogramme calomelanos, Desv.,
184.

Ebreubergiana, Klotzsch, 184.

pedata, Kaulf., 184.

tartarea, Desv., 184.

Gymuolomia tenuifolia, Bentliam &
Hooker, 105.

Gymuosperma corymbosum, DC, 101.

H.

Habenaria volcana (?), 159.

(?), 159.

Halenia llotlirockii, Gray, 117.

Haploesthes Greggii, Gray, 109.

Hayes, A. A., notice of, 422.

Heat produced in iron and steel by
reversals of magnetization, 197,
205.

Hebantlie Palmeri, 144.

Hechtia glomerata, Zucc., 159.

Hedeoma costata, Henisl., 136.

Drummondii, Beiith., 136.

Palmeri, HemsL, 137.

teneila, HemsL, 137.

Helenium amphibolum, Gi'ay, 108.

elegans, DC, 108.

microcepbaluni, DC, 109.

oocliuium. Gray, 108.

tenuifolium, Nutt., 108.

Heliantliella Mexicana, Gray, 106.

HeUantlius annus, Linu., 105.

ciliaris, DC, 106.

debilis, Nutt., 106.

laciniatus. Gray, 106.

Maximiliani, Sclirad., 106.

Heliopsis parvifolia, Gray, 105.

Heliotropium angustifolium, Torr.,

120.

confertifolium, Torr., 120.

convolvulaceum, Gray, 121.

Curassavicum, Linn., 121.

glabriusculuni, Torr., 121.

Greggii, Torr., 121.

inundatum, Swartz, 120.

Palmeri, Gray, 121.

parviflorum, Linn., 121.

Hemicarpha subsquarrosa, Nees, 171.

Hemiphylacus, 165.

latil'olius, 164.

Herpestis chamfEdrioides, HBK., 130.

monniera, HBK., 130.

rotundifolia, Pursh., 130.

Heteranthera Limosa, Valil, 166.

Mexicana, 166.

reniformis, Ruiz & Pavon, 166.

Heteropogou contortus, Roem. &
Sciiult., 173.

Heterotheca chrysopsidis, DC. (?),

102.

Laniarckii, Nutt., 102.

Heterotoma lobelioides, Zucc, 111.

Hesalectris aphylla, Baf., 159.

Hieraciuni crepidispermum, Pries.,

110.

Mexicanum, Less., 110.

Hoffmanseggia Jamesii, Torr. & Gray,
191.

Houstouia acerosa. Gray, 98.

angustifolia, Miclix., 97.

fasciculata. Gray, 98.

longipes, 97.

Palmeri, Gray, 97.

Hydrochloric acid, action of, on tur-

merol, 11.

Hydrogen, action of nascent, on cur-

cumin, 1.

Hjmenatherum acerosnm, Gray, 108.

gnaphaliopsis, Gray, 108.

pentaclisetum, DC, 108.

Wrightii, Gray, 108.

Hymeuoclea mouogyra, Gray, 104.

Hymenopappus artemisieefolius, DC,
107.

flavescens, Gray, 107.

Hyoscyamus albus, Linn., 128.

Hypnum adnatuni, Hedw. (?), 190.

Huffleri, Juratz, 190.

Hypopliosplio-molybdate of ammoni-

um, 232.

tungstates, 235.

Hypoxis decumbens, Linn., 161.

I.

Index error of a meridian circle on a

method of determining the,

284.

Indigofera leptosepala, Nutt., 190.

Inorganic acids, researches on the

complex, 232.

Iodide of antimony, on the vapor-

density of the, 61.

Ipomcea cardiophylla, Gray, 122.

I coccinea, Linn., 123.
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Ipomcea commutata, Roem. & Sclmlt.,
122.

costcUata, Torr., 123.

hctei-ophylla, Ori. (r), 123.

Lindlicimeri, Gray, 122.

Llavcana, Mcissu., 123.

Mpxicaua, Gray, 122.

muricata, Cav., 122.

Schaffueri, 123.

siuuata, Ort., 122.

stans, Cav., 123.

trifida, Dow., 122.

versicolor, Meissu., 123.

Iresine cassinseforniis, 145.

celosioidcs, Lion., 115.

latifolia, Bentli. & Hook., 145.

Iris floreiitiua, Linn., 160.

Missouriensis, Niitt., 160.

Isanthus cajruleus, Michx., 140.

Isobutylether of Turmcrol, 13.

Iva angustifolia, Nutt., 104.

ambrosisefolia, Gray, 104.

dealbata, Gray, 104.

J.

Jacobiaia incana, Benth. & Hook.,
133.

Mohintli, Bentb. & Hook., 133.

Jatropha Berlaudicri, Torr., 151.

spathulata, Muell., 151.

Juglaus nigra, Linn., 155.

rupcstris, Eiigebn., 155.

Juucus acuminatus, Micbx., 169.

Balticus, Willd., 167.

Bufonius, Linn., 168.

marginatus, Rest., 169.

nodosus, Liuu., 168.

tenuis, Willd., 168.

xipbioides, Meyer, 169.

Juniperus flaccida, Scblecbt, 158.

Mexicaua, Scbiede, 158.

Occidentalis, Hook., 158.

K.

Kuhuia lupatorioides, Linn., 101.

rosmarinifolia, Vent., 101.

Lamoreuxia rbinantbifolia, HBK.,
132,

Lantana camara, Linn., 134.

canescens, HBK., 134.

Lantana macropoda, Torr., 134.

vclutiua, Mart. & Gal., 134.

Laurauthus calycatus, DC., 148.

Leucopliylluui Texauuni, Benth., 129.

Lepacbvs columuaris, Torr. & Gray,
105.

peduncularis, Torr. & Gray, 105.

Leptochloa mucronata, Kuuth, 181.

Liatris punctata. Hook., 101.

Limosella aquatica, Linn., 130.

Liouville, Joseph, notice of, 460.

Lippia graveoleus, HBK., 134.

lanceolata, Michx., 135.

lycioides Steud., 135.

niacbrostachya, 134.

noditiora, Michx., 135.

purpurea, Jacq., 134.

Lithospermum angustifoUum, Micbx.,
122.

disticbum, Ort., 122.

Matamorense, DC, 122.

Palmeri, 122.

spatbulatum, Mart. & Gal., 122.

strictum, Lehm., 122.

Litsea glaucescens, HBK., 148.

Llavea cordilblia, Lagasca, 187.

Lobelia Berlandieri, DC, 111.

clifortiana, Linu^, 111.

fenestralis, Cav., 111.

gruina, Cav., 111.

laxiHora, HBK., 110.

spleudens, Humb. & Bonpl.,
110.

Loeselia cserulea, Don, 117.

coccinea, DC, 117.

glandulosa, Don, 117.

Greggii, 117.

Lonicera albitiora, Torr. & Gray,
96.

pilosa, Willd., 96.

Lycium barbinoduin, Miers., 128.

Berlandieri, Dun., 127.

brachyanthum. Gray, 127.

Carolinianum, Walt., 128.

Schaffueri, Gray, 128.

Lycurus phalaroides, HBK., 175.

Lygodesmia grandiflora, Torr. &
Gray, llO.

Lygodium Mexicanum, Presl., 189.

Lysanthes gratioloides, Raf., 130.

M.

Macrosipbonia Berlandieri, Gi"ay, 113.

bypoleuea, Muell., 113.
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Madotheca Mexicana, Hainpe, 190.

Maguetism, iullueiice of, upon ther-

mal conductivity, 210.

Magnetite, very pure, 203.

Magnetization, lieat produced iu iron

and steel by reversals of, 197,
205.

Marrubium vulgare, Linn., 140.

Marsh, George P., notice of, 447.
Marsilia Mexicana, A. Braun, 189.

Martynia proboscidea, Glox., 132.

fragraus, Lindl., 133.

Maurandia Barclayana, Lindl., 129.

erecta, Hemsl., 129.

Melampodium cinereuni, DC, 104.

Menodora Coulteri, Gray, 112.

heterophylla, Moric, 112.

longiflora, Gray, 112.

scabra. Gray, 112.

scoparia, Engelin., 112.

Mentha arvensis, Linn., 136.

rotundifolia, Linn., 136.

Meridian circle, on a method of deter-

mining the index error of a,

284.

Metastelma Californicum, Benth., 115.

Palmeri, 115.

Meter,—
Tresca, 287.

Troment, 288.

Bronze yard and, 293.

Brass yard and, 294.

Glass yard and, 295.

Meters, comparison of, 360, 383, 386.

Methyl, alcohol, 51.

acetate, 50.

acetone, 51.

formiate, 49.

Metrology, studies in, 287-

Metzgeria pubcscens, Raddi, 190.

Microchloa setacea, R. Br., 176.

Micromeria Xalapensis, Benth., 136.

Microscopes, description of, 332.

Microstylis corymbosa, 195.

purpurea, 195.

Microstylis fastigiata, Reichenb., 159.

montana, Rothr., 159.

Mikania scandens, Willd., 101.

Milla biflora, Cav., 165.

Mimnlus glabratus, HBK., 130.

Mirabilis jalapa, Linn., 142.

longiflora, Linn., 142.

Mitracarpium breviflorum, Gray, 98.

Mitreola petiolata, Torr. & Gray, 116.

Monar.da citriodora, Ccrv., 140.

punctata, Lhiu., 140.

Monobromcinnamic acid, 279.
Montia Howellii, 191.

Muhlenbcrgia Berlaudieri, Trin. (?),

174.

Calamagrostidca, Kunth, 174.

clomena, Trin., 174.

scabra, 174.

SchafFueri, Fourn., 174.

N.

Naraa Coulteri, Gray, 118.

dichotomum, Choisy, 118.

hispidum, Gray, 11*8.

Jamaicense, Linn., 119.

origanifolium, HBK., 119.

Palmeri, Gray, 118.

rupicola, Pavon, 119.

Schaffneri, Gray, 119.

serphylloides. Gray, 119.

stenocarpum. Gray, 118.

stenophyllum. Gray, 118.

subpetiolare. Gray, 119.

undulatum, HBK., 118.

Neckera Ehreubergii, Muell., 190.
Nectouxia formosa, HBK., 127.

Nemastylis multiflora, Benth & Hook.,
160.

nana, 160.

tenuis, Benth. & Hook., 160.

Nicoletia Edwardsii, Gray, 108.

Nicotiaua glauca, Linn., 129.

nudicaulis, 128.

repanda, Willd., 128.

trigonophylla. Dun., 128.

Nierembergia angustifolia, HBK., 129.

Nitella asagrseana, SchafTner, 190.

clavata, A. Braun, 190.

Nitrate solution, potassic, 276.

Nitrous acid, volumetric determina-

tion of combined, 275.

NoHna liumilis, Watson, 163.

Lindheimeriana, Watson, 163.

Notholsena Aschenborniana,

Klotzsch, 184.

brachypus, J. Smith, 184.

Candida, Hooker, 185.

ferruginea. Hooker, 184.

Grayi, Davenport, 184.

Hookeri, Eaton, 184.

nivea, Desv., 185.

sniuata, Kaulf., 184.

Nothoscordum striatum, Kunth, 165.

Nyctagmea capitata, Chois., 142.
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0.

Oils, high boiling, 53.

Oldeulaudia ovata, 97.

Omphalodcs alieua, Gray, 121.

cardiopliylla. Gray, 121.

Oplismeuus setarius, Roem. & Schult.,

173.

Orthocarpus Mexicanus, Hemsl., 132.

Oxidation of Tuniicrol, 13.

Oxybaphus aggregatus, Vahl, 112.

angustifolius, Sweet., 142.

Cervantesii, Sweet., 112.

glabrifolius, Vahl, 142.

P.

Palafoxia Hnearis, Lag., 107.

Paiiicum csepitosum, Swartz, 172.

colonum, Linn., 172.

Crus-Galli, Linn., 172.

dichotomum, Linn., 172.

divaricatum, Linn., 171.

? 17L
leucophfeum, HBK., 172.

obtusum, HBK., 172.

repeus, Linn., 172.

Pappophorura apertum, Munro, 180.

Wrightii, 17S.

Parabrombenzyl compounds, 86.

Parabrombenzylbromide, 86.

Parabrombenzyldisulphide, 91, 92.

Parabrombenzylmercaptan, 90, 92.

mercaptid, 90, 92.

Parabrombeuzylsulphide, 89, 92.

Parabrombenzylsulphone, 90, 92.

Parabrombeuzylsulpho-acid, 86.

barium salt, 87.

calcium salt, 87.

chloride of the sulpho-acid, 88.

_

lead salt, 88.

Parietaria floridana, Nutt., 155.

officinalis, Linn. (?), 155.

Paronychia Mexicaua, Hemsl., 143.

Parthenium argentatum, Gray, 104.

confertum. Gray, 104.

incanum, HBK., 104.

lyratum. Gray, 104.

Paspalum distichum, Linn., 172.

Humboldtianiim, Fluegge, 172.
Pectis angustifolia, Torr., 108.

prostrata, Cav., 108.

Pedicularis Canadensis, Linn., 132.

Pellsea aspera, Baker, 187.

atropurpurea, Link., 187.

PelLsa cordata, J. Smith, 187.

llexuosa. Link., 187.

marginata, Baker, 187.

pulciiella, Fee, 187.

rigida. Hooker, 187.

Secmauni, Hooker, 187.

ternifolia, Link., 187.

Pentabromcurcumiudibromide, 7.

Pentacsena polycuemoides, Bartl., 143.

Pentstemon baccharil'ohus. Hook.,
129.

barbatus, Nutt., 129.

campanulatus, AVilld., 129.

imberbis, Trautv., 129.

steuophyllus, Gray, 130.

tenuifolius, Benth., 130.

Peperoraia umbilicata, Ruiz & Pavon,
148.

Perezia Wrightii, Gray, 110.

runcinata. Lag., 110.

Pernospora Halstedii, Farlow, 71.

obducens, Schrt., 70.

viticola, DeBary, 70.

Persea gratissima, Gaertn., 148.

Petunia parviflora, Juss., 129.

Phaceha congesta,.Hook., 118.

glandulosa, Nutt., 118.

integrifolia, Torr., 118.

Phenyldibromlactic acid, 280.

Pheuyltribrompropionic acid, 277.

Philibertia cynachoides, Benth. &
Hook.,^ 113.

elegans, Benth. & Hook., 114.

linearis, Benth. & Hook., 114.

Phlox Drummoudii, Hook., 117.

Phosphoroso-molvbdate of ammonium,
237.

Phospho-vanadio-molybdates, 253.

Phospho-vanadio-tungstates, 257.

Phospho-vanadio-vanadico-tungstates,
270.

Phyllactis pratensis, Benth. & Hook.,
99.

Phyllauthus polvgonoides. Spring.,
151.

Phyostegia Virginiana, Benth., 140.

Physalis sequata, Jacq., 126.

angulata, Linn., 126.

Pendleri, Gray, 126.

lobata, Torr.,'l26.

mollis, Nutt., 126.

Philadelphica. Lam., 126.

pubescens, Linn., 126.

viscosa, Linn., 126.

Phytolacca Mexicaua, Sweet, 147.

octandra, Linn., 147.



486 INDEX.

Pileolaria brevipes, B. & Uav., 76.

Puiaro])a[jpus roseus, Less., 110.

Pinguicula candata, SclilecUt, 132.

Pinus Ayacahuite, Elirenb., 158.

cenibroides, Zucc, 158.

latisquaraa, Eiigelm., 158.

MontezuniEe, Lamb., 158.

Teocote, Cham. & Schleclit (?),

158.

Plantago caulescens, 141.

Hu-tella, HBK., 141.

major, Liuii., 141.

Mexicaua, Link., 141.

Palagduica, Jacq., 141.

Virginica, Linn., 141.

Plantamour, Emile, notice of, 461.

Platanus Liudeniaua, Mart. & Gal.,

155.

Mcxicana, Moric, 155.

Plucliea campliorata, DC, 103.

odorata, Cass., 103.

subdecurrens, DC, 103.

Plumbago pulcbeHa, Boiss., 112.

scandeus, Linn., 112.

Plumiera ? 113.

Poa annua, Linn., 182.

Ruprecbtii, Peyr., 182.

Pogonatum cucullatum, Hampe, 190.

PoHomintba glabrescens. Gray, 137.

Polygonum acre, Linn., 147.

aviculare, Linn., 147.

Peunsylvanicmn, Linn., 147.

persicaria, Linn., 147.

Polypodium aureum, Linn., 183.

cbeliosticton, Pee, 183.

elipsoideum. Pee, 183.

furfuraceum, Scblccbt, 183.

incanum, Swartz, 183.

lanceolatum, Linn., 184.

Martensii, Mett., 183.

plebeium, Schleclit, 183.

plesiosorum, Kunze, 184.

subpetiolatum, Hook., 183.

tbyssanolepsis, Al. Br., 184.

Polyprenuun procumbens, Ijinn., 116.

Polyptcris callosa. Gray, 107-

Hookeriana, Gray, 107.

Texana, Gray, 107.

Populus alba, Linn., 156.

Fremonti, Watson, 157.

Porophvllura amplexicaule, Eugelm.,
108.

filifolium. Gray, 107.

macrocppbalum, DC, 108.

scoparium. Gray, 108.

Potamogeton hybridus, Michx., 169.

Potamogeton natans, Linn., 169.

paucitlorus, Pursli., 169.

Potassic nitrite solution, 276,

Potassic salt, 235.

Potential of a shell bounded by con-

focal ellipsoidal surfaces, 226.

Priva tuberosa, 135.

Products of the dry distillation of

wood at low temperatures, 47.

Propionic and acrylic acids, on certain

substituted, 41.

PseudotsugaDouglasii, Eugelm., 158.

Psilactis breviUngulata, Schultz Bip.,
102.

Pteris aquilina, Linn., 187.

Pterocaulon virgatum, DC, 103.

Puccinia curtipes, Howe, 82.

emaculata, Schw., 81.

epdobii, DC, 80.

lantanaj, Farlow, 83.

veratri, Duby, 81.

vexans, Farlow, 82.

Pylaiseea intricata, Bruch. & Schimp.,
190.

Pyropappus multicaulis, DC, 110.

Pyroxauthiu, 47.

Q.

Quercus castanea, Nee (?), 156.

coccinea, Wang., 156.

confcrtifolia, Humb. & Bonpl.,
156.

crassifolia, Humb. & Bonpl., 156.

Durandi, Buckley, 156.

grisea, Liebm., 156.

macrocarpa, Michx., 156.

nigi'a, Linn., 156.

reticulata, Humb. & Bonpl., 156.

stellata, Willd., 156.

tomeutosa, Wild. (?), 156.

? 156.

virens. Ait., 155.

R.

Randia xalapensis. Mart. & Gal., 98.

Ray, Isaac, notice of, 457.

Rb'agadiolus hedypnoides, All, 110.

Rhynchospora F 171.

Ribes ambiguum, 193.

Richardsonia scabra, St. Hil., 99.

Ridcllia arachnoidea. Gray, 107.

Rivina Isevis, Linn., 147.
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Robbins, Chandler, notice of, 427.

Roestelia botryapites, Scliw., 75.

comuta, TuL, 75.

peuicillata, Fr., 75.

B-ogers-Boud uiiiversal comparator,
300.

Rogers, Wm. B., notice of, 428.

Rouiinia Palmeri, 115.

unifaria, Engehn., 115.

Ruellia Parryi, Gray, 133.

tuberosa, Liuu., 133.

Rumes Berlaudieri, Meissu., 148.

crispus, Linn., 147.

Mexicauus, Meissn., 148.

s.

Sagina crassicaulis, 191.

Salazaria Mexicana, Torr., 140.

Salex Bouplandiana, HBK., 156.

taxifolia, HBK., 156.

Salvia angustifolia, Cav., 138.

axilaris, M05. & Seese, 139.

azurea, Lam., 137.

ballotajflora, Beuth., 137.

chamsedryoides, Cav., 137.

coccinea, Liim., 137.

farinacea, Benth., 137.

glechomffifolia, HBK., 137.

Graliami, Benth., 138.

Greggii, Gray, 136.

fulgens, Cav., 138.

Hispanica, Linn., 138.

lanceohita, Brouss., 138.

lasiantha, Benth., 138.

leucantlia, Cav., 138.

Lindeuii, Benth., 138.

microphylla, HBK., 138.

Mexicana, Linn., 138.

Nana, HBK., 138.

patens, Cav., 138.

pentstemouoides, Kunth, 137.

regla, Cav., 137.

Roemeriana, Sheele, 137.

tiliajfoHa, Vahl, 137.

Salviastrum Texanum, Sheele, 140.

Samolus ebracteatus, HBK., 112.

Sanvitalia angustifolia, Engeltn., 105.

Saracha umbcllata, Don, 127.

Sartwellia Mexicana. Gray, 107.
Schaffuera gracilis, Benth., 173.

Schoenocanlon Drummondii, Gray,
166.

Scirpus lieterocarpus, 171.

supiuus, Linn., 171.

Sclerocarpus uniserialis, Bcntbam &
Hooker, 105.

Scleropogon Karwiuskyanus, Beuth.,
181.

Scutellaria Drummondii, Beuth., 140.

Wrightii, Gray, 140.

Sedum radiatum, 193.

Selaginella cuspidata. Spring, 189.

lepidophylla, Spring, 189.

pilifera, A. Braun, 189.

rupcstris. Spring, 189.

saccharata, A. Braun, 189.

SeKnocarpus angustifolius, Torr., 143.

Palmeri, HemsL, 143.

Seneco lobatus, Pers., 109.

madrensis. Gray, 110.

salignus, DC, 109.

sanguisorba, DC, 110.

toluccanus, DC, 110.

Setaria imberbis, Roem. & Schult., 173.

glauca, Beauv., 173.

uniseta, Pourn., 173.

Seyraeria bipiunatisecta, Seem., 131.

virgata, Benth., 131.

Shell, potential of a, bounded by confo-

cal ellipsoidal surfaces, 226.

Silphiuni asperrimum, Hook., 104.

Siphonoglossa pilosella, ToiT., 133.

Sisyriuchium scabrum, Cham. &
Schleclit, 160.

Schaifneri, 160.

tenuifolium, Humb. & Boupl.,
160.

Smilax Bona-nox, Linn., 163.

Solanum Cervantesii, Lag., 125.

elseagnifolium, Cav., 125.

heterodoxum. Dun., 125.

nigrum, Linn., 125

rostratum, Dun., 125.

Torreyi, Gray, 125.

triquetrum, Cav., 125.

tuberosum, Linn., 125.

torvnm, Swartz, 126.

Solidago Canadensis, Liuu., 102.

nemoralis. Ait., 102.

velutina, DC, 102.

Speiranthes aurantiaca, Bentham &
Hooker, 159.

cinnabarina, Benth. & Hook. 159.

Speimiacoce podncephala, Benth., 99.

subulata, Pav., 99.

Spirfea occidenlalis, 192.

Sporobolus atrovirens, Kunth, 175.

cryptandrus, Gray, 175.

repens, Presl., 175.

?, 175.
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Stacliys agraria, Cham. & Slcheclit,

140.

Bigelovii, Gray, 140.

cocciuea, Jacq., 140.

Drummoudii, Bentli., 140.

Standards, subdivision of, 390.

Star catalogues, on their reduction to

a common system, 390.

Stemodia durantifolia, Swartz, 130.

Stenandrium dulce, Nees, 133.

Stevia Berlandieri, Gray, 100.

eupatoria, Willd., 100.

pauiculata, Lag., 100.

salicit'olia, Cav., 100.

Stilliugia angustifolia, Engehn., 154.

sanguiuolenta, Muell., 154.

Torreyana, Watson, 154.

Stipa avenacea, Liun., 174.

Jurava, Beauv., 174.

viridula, Trin., 174.

Studies in metrology, 287.

Sugeda diffusa, Watson, 147.

miuutiiiora, 194.

Torreyana, Watson (?), 147.
Subdivisions of standards, 390.

Symblepharis hehcophylla, Montg.
(?), 190.

Symphoricarpus microphyllus, HBK.,
96.

Synchytrium fulgens, Schrt., 70.

Synedrella vialis, Gray, 106.

Tagetes lucida, Cav., 108.

Taphrina flava, Parlow, 84.

Taraxacum officinale, Vill., 110.

Taxodium distichum, Rich., 158.

mucrouatura. Ten., 158.

Tecoma stans, Juss., 132.

Tetraclea Coulteri, Gray, 140.

Tetragonotheca Ludoviciaua, Gray,
105.

Texana, Engelm. & Gray, 105.

Tetramerium hispidum, Nees, 134.

Tetrahromide of Curcumin, 5.

Tetrabrompropiouate, 42.

baric, 42.

calcium, 42.

potassic, 43

Teucrium Canadense, Linn., 141.

cubense, Linn., 141.

Thayer, Nathaniel, notice of, 438.

Theiesperma filifolium. Gray, 106.

gracile, Torr. & Gray, 107.

subsimpHcifolium, Gray, 106.

Thermal conductivity, influence of

magnetism upon, 210.

Thermo-electricity, 214.

Thermometers employed in the com-

parisons, 328.

Thevetia Yccotli, DC, 113.

Tigridia Van Houttei, Roezl., 160.
Tillandsia recui-vata, Linn., 159.

Tinautia anomala, Clarke, 168.

fugax, Scheidvr., 166.

Touruefortia capitana, Mart. & Gal.,
120.

monclovana, 120.

Townsendia Mexicana, Gray, 102.

Trachypogon montufari, Nees, 173.

Tradescantia crassifolia, Cav., 166.

floridiana, Watson, 168.

Karwinskyaua, Roem. & Schult.,
166.

leiandra, Torr., 167, 168.

linearis, Benth., 167.

micrantha, Torr., 168.

rosea. Vent., 168.

Virginica, Linn., 168.

tuberosa, Greene, 168.

Tragia nepettefolia, Cav., 154.

urticsefolia, Michx., 154.

Tragus racemosus, Desf., 173.
Transit of Venus, 15.

Tresca meter, the, 287.

Trichostomum Schlimii, Muell. (?),
189.

strictum, Bruch. (?), 189.

Tridax procumbens, Liiiu., 107.

Triodia avenacea, HBK., 180.

mutica, Benth., 180.

Schaffneri, 181.

Texana, 180.

Trixis angustifolia, DC, 110.

Turmeric, on certaiu substances ob-

tained from, 1.

Turmeric oil, 8.

Turin erol, 8.

action of hydrochloric acid on,
11.

isobutylether of, 13.

oxidation of, 13.

Turmerychloride, 11.

Turnera diffusa, Willd, 191.

u.

Ulmus crassifolia, Nutt., 155.

Uromyces liliacearum, linger, 79.
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Uromyces Martiuii, Farlow, 78.

Peckiauus Faiiow, 78.

SpartiuiE Farlow, 77.

Urtica cliamcedn'oides, Pursli., 155.

spirealis, Blume, 155.

mens, Liuu., 155.

Ustilago Maydis, Corda, 190.

Utricularia deuticulata, Beuj . (?),132.

V.

Valeriana sorbifolia, HBK., 99.

tolucana, DC, 99.

Vanadio-molybdates, 240.

Vanadio-tungstates, 219.

Vauadio-tungstic acid, 251, 252.

Vauadio-tungstate of ammouium, 250.

Vauadio-vanadico-molybdates, 261;.

Vauadio-vauadico-molybdate of am-

monium, 261.

of barium, 265.

tungstate of sodium, 267.

tungstate of silver, 269.

Vapor-deusity, on the, of the chloride,

the bromide, and the iodide of

antimony, 61.

VariUa Mexicana, Gray, 105.

Texana, Gray, 105.

Venus, transit of, December 5 and 6,

1882, at the Harvard College

Observatory, 15.

Contacts, 17.

Observers, —
S. C. Chandler, Jr., 23.

J. R. Edmands, 22.

E. C. Pickering, 19.

W. H. Pickering, 24.

Arthur Searle, 20.

O. C. Wendell, 21.

at other stations, 24.

diameter of, 30.

report of S. C. Chandler, Jr.,

35.

report of WilUam A. Rogers,
30.

photometric observations, 25.

spectroscopic observations, 29.

Verbascum virgatura. With., 129.

Verbena bipinnatilida, Nutt., 136.

bracteosa, Michx., 136.

canescens, HBK., 135.

ciliata, Benth., 136.

officinalis, Linn., 135.

polystachia, HBK., 135.

remota, Benth., 136.

Verbena urticsefolia, Linn., 135.

xutha, Lehm., 136.

Wrightii, Gray, 136.

Verbesina Coahuilensis, Gray, 106.

encelioides, Benth. & Hook., 106.

stricta. Gray, 106.

Virginica, Linn., 106.

Wrightii, Gray, 106.

Veronia artissima, Nutt., 100.

angustifolia, Michx., 100.

Ervendbergii, Gray, 100.

Greggii, Gray, 100.

Lindlieimeri, Gray, 100.

Schaffneri, Gray, 100.

Veronica peregrina, Linn., 130.

Viburnum membranaceum, Benth. &
Hook., 96.

prunifolium, Linn., 96.

Viguiera canescens, DC, 105.

helianthoides, HBK., 105.

linearis, Schultz Bip., 105.

Vincetoxicum Mexicauum, 115.

w.

Weight of a body, a simple method of

correcting the, for the buoy-

ancy of the atmosphere when
the volume is unknown, 55.

Weissia longirostris, Schwaegr. (?),

189.

TVTiitworth steel yard, 297.

Wigandia Kunthii, Choisy, 118.

Wohler, Priedrich, notice of, 463.

Wood, on the products of the dry
distillation of, at low tempera-
tures, 47.

Woodsia mollis, J. Smith, 188.

obtusa, R. Br. (?), 188.

Mexicana, Pee, 188.

Xauthisma Texanum, DC, 102.

Yale observatory standards, 330.

Yard,
Bronze yard and meter, 293.

Brass yard and meter, 294.

Glass yard and meter, 295.

Whitworth steel, 297.
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Yards, comparison of, 362, 3S4, 3S7.

Yucca augustifolia, Pursh., 163.

rupicola, Scheele, 163.

Zaluzania megacepliala, Scliultz Bip.

(?), 105.

triloba, 105.

Zephyrantlies aurea, 161.

cariuata, Herb., 161.

Zephyrantlies concolor, Benth.

Hook., 161.

pallida, R,oem., 161.

Texana, Herb., 161.

Zexmenia brevifolia, Gray, 105.

hispida. Gray, 105.

Zinnia acerosa, Gray, 104.

auomala. Gray, 105.

juniperitblia, Gray, 104.

pauciflora, Linn., 104.

Zygadenus porrilblius, Greene, 166.

volcauicus, Benth., 165.
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